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Fifth Annual General Meeting. 


The Filth Animal Genoial Mooting of the National Institute ol Sciences 
of India was hold at 11 a m on Tuesday, the 2nd Januaiy 1940, in tho North 
Eastern Lecture Hall ol tho Medical College, Madias 
Tho following Follows weie piosont — 


lit Col R N Chopra, Presidt.nl, in tho Chair 
Ruo Bahadur B Viawa Nath, Additional Vice President 
Pi of S P Agharkar Honorary Secretary 


Dr Na/ir Ahmad 
Prof A C Banerji 
Prol Y Hhuradwnjo 
Prof F R liliai aclia 
Mr T P Uhaskara Sbiusti i 
Dr H. Chaudhuri 
Capt S Dtttta 
Prof S Duttu 
Prof S C Dhai 


l’rot 8 K Mitrn 
Prof P C Mittor 
Pro! P Noogi 
Dr C G Pandit. 

Dr M Prasad 
Dr II 8 Prutlu 

Ruo Bahadur G N Riuigaswaini 
Ayyangar 
Dr 15 Rama Ruo 


Dr Gilbert J Fowler 
Prof J C Ghosh 
Dr F II Gravoly 
Dr P C Oahu 
Dr D S Kothari 
Dr S Knslma 
Dr M S Knslmuii 


Prof L Kama Ruo 

Prof J N Ray 

Dr H K Son 

Sir S M Suluunan 

Ruo Bahadur T S Tirumurfci 

Dr K Vonkataram&n 

Rtto Bahailur T S Vonkatiinimuu 


Tho mooting was also attended by ()4 visitors 

1 Tho minutes of the Twelfth Orduiuiy General Mooting wore read and 
confirmed 

2 Tho Prosidont appointed J)i F H Giavely and Prof J C Ghosh to 
act as scrutineers ol tho ballot papers received lor tho election of officers and 
othor members of Council for tho yoar 1940 

3 The following Oidinary Fellows signed tho duplicate obligation and 
were admitted Follows as per Rule 13 

Prof F R Bharuoha Prof L Rama Rao 

Capt S Datta Dr C G Pandit 

Dr K Vonkataraman 


4 The following wore doclarod clectod officers and other members of the 
Council for tho yoar 1940 — 

President Bt Col R N Chopra 
Vtee-Presidents Sir U N Brahmachan 
Dr A M Heron 
Treasurer Dr B S Guha 
Foreign Secretary Prof J C Ghosh 
Secretaries Prof S P Agharkar 
Dr C. 8 Fox 



FIFTH ANNUAL ClENBRAL MEETING 


Members of Couiml — 

Dr S I, Horn 

Khan Htthmiur M Af/nl Himmu 

Dr M S Krmhium 

Dr H H Lai 

Prof O Mattlmi 

L’rof J N Muklierjno 

Dr C W H Normand 

Prof d II Puranjpo 

Principal P Pariju 

Di B Pranhad 

Prof M Qnn>Hlii 

Kao Bahadur 0 N Kiui^artSMUiu Ayyaimui 
Prof N R Sou 
Su Shah M Sulaimau 
('ol J Taylor 

Kao Bahadur li Vonkatomu hai 
Mi K Warn 

5 The Annual lleport loi tho year 1939, piopaied by the Council, wan 
adopted 

0 The following papers wore read — 

(1) An attempt to neutralize tho spaoe-ohaige ot a hot hlament by taut 

positivo ions of mercury Part 1 By K M Chaudhiy, 
IS M Nawas and M Aalam (Communicated by Sir S M 
Sulaiman) 

(2) A contribution to tho Morphology ol Carthamus ttncionm Lmn 

JBy L Baneiji (Communicated by Pro! S P Agharkar) 

(3) Studies m the lsoqmnolino Series Parts IV-V1J By B B lh“v 

and collaborators 

(4) On tho Photo-iom/ation of Molecules By B D Nag-Chowdhury 

and K Bose (Communicated by Prof M N Saha) 

(5) Studies on the Chemistry and Biology ol tho Slow Sand Filters at 

the Madras Watoi Works By S V Ganapati (Communnated 
by l)i Gilbert J Fowler) 

7 The Prosidont delivered his Annual Address Tho address Mill be 
pi mted m tho * Proceedings * 

With a vote of thanks to the Chair tho molding terminated 
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ANNUAL REPORT 

Tho Count il ol the National Institute ol Suonci s ol India liuvo pleasure 
in submitting the following repott on tho general concerns of the Institute 
for the yeai 1939, as required by tho piovisions ot rule 48(/) 

\Iemb( rshtp 

The munboi ol Follows on the ioil ot the Institute it the beginning 
ot tho year was 157 Ordinary Fellows and 17 Honoiary Follows 11 Oidmaiv 
Fellows and 4 Honorary Fellows were oloetod dining the yeai m aooordnnci 
with the procedure laid down in tho Regulations 3 Oidinary Fellows resigned 
bheir Fellowshij) during tho year Tho total numboi ot Fellows on the roll 
.it the end of the year is 105 Oidmniy Fellows and 21 Honoiary Follows Of 
the 1(15 Ordmaiy Follows 7 aie uou-iosident 

Meetings 

The fouith Annual Minding was held in the Hailey Hall, Lahoio, on 
tho 2nd January, 1939 An account of the meeting w.w published in tho 
Proceedings, Vol V, No 1, pp 1-2 

Two Ordinary General Mootings woio held duung tho yeai Both 
meetings were held in Calcutta in the rooms ot tho Royal Asiatic Society of 
Bongal, the first on tho 5th April, 1939 and the si coud on the 25th and 20th 
August, 1939 Tho lattoi meeting liuludod a Symposium on ‘Coal in India’ 
Accounts of those meetings, together with the papers lead, are being 
published m the Proceedings Two of the papus have boon published in the 
Tmnmrlwn* 

The ('mined 

The officers and membeis of Council loi tho ye.ir 1939 woio elected at 
tho fourth Annual Moetmg held on the 2nd Januaiy, 1939 The Council, 
together with the representatives of the oo-oporatmg Academies, the Indian 
Scienoo Congress Association ami the Government of India, was constituted 
as follows — 

PrendctU Bt Col It N Chopin 

Vtee Presidents Sii l r N HmhmHihaii 

Or A M Heron 

Additional Vice Preside nts Pro! J Ji Muklinrjt < 

Prof M N Saha 
Rao Baliadur 13 Viswanath 
Dr B S Guha 


Treasurer 



ANNUAL BEPOET 

. Prof B Sahni 

Prof S P Agharkar 
Dr O S Fox 
Prof 8 S Bhatnagar 
Mr II Q Champion 
Prof J C Ghosh 
Khan Bahadur M Af/al Hutuim 
Dr M S Krishnmi 
Dr R B Lai 
Prof S K Mitrn 
Dr (' W H Normtuul 
Prof G K Puninjpc 
Dr liaiiu Prushiul 
Prof AT Quit s)u 

Boo Bahadur G N Ktmgn.Hu mm Ayyungm 
ProJ N K Son 

Tho Hon’hln Sir Sliuh M Sulaiiiiiiii 
Col >f Taylor 

Rao Bahadur II VenkatoMU liar 
Mr b Ware 

Bricadii'r Sir Harold Cmirluiiun ) , „ . 

Sir Lon is Former \ {R*offino ) 

ictl Prof A V Banorji 
Sir ]3i\<o Bui t 
Prof It Gopnln Ai)tu 
Pim< ipal P Punjii 

Tho Council hold ho von mooting'* and one omorgonoy meeting during tho 

yoar 

Committees 

A sub-oommittoo consisting ot the President, the Secretaries, l)i It B 
Lai and Prof M N Saha was appointed to consider the replies received on 
the questionnaire on Science and its Social Relations and to prepare a roport 
thereon 

The Sectional Committees aro given m Appendix ITT 
Delegates to Foreign Congress 

Col Sir Aithur Olvor was appointed to represent the National Institute 
at tho 7th International Congress of Genetics to be hold at Edinburgh 

Di A M Heron, Prof B Sahni and Mr D N Wadia wore appointed 
delegates to the 18th International Geological Congress to be held in London 
in 1940 

Publications 

Three numbers of the Proceedings, two numbers of the Transactions 
and three numbers of Indian Science Abstracts were published during the 
year. 


Foreign Secretary 
Secretaries 


Members of Oounctl 


T <Iditional 1 /< mht r» *>/ ('oun 


Exchanges . 

Six additional Institutions wore plaood on the exchange list for the 
publications of the Institute, bringing the total number on the list to ninety- 
one (vide Appendix IV). 
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Libranj 

Four hundred and forty-ono book*, paits of periodicals and loprmts wore 
added to the hbiary during tlu* yoai (vide Appendix V) 


Presents and Donations 

The following grants-in-anl have been sanctioned during the year to the 
Institute — 

(1) Rs 500 from the Calcutta University for the session 1939-40 

(2) Rs 300 from the Osmania Umvemty for the year 1348 F 


Finance 


An audited statement ol accounts of the National Institute for tho 
polled from 1st December, 1938 to 30tli November, 1939 is submitted {vide 
Ap|>endix VI) The total oidmaty leceipts for this period are Rs 14,821-1-4 
(inclusive of the grant-m-aid of lls 0,000 tumi tho Government of India), 
and the ordinary payments Rs 17 531-11-0, showing an excess of payments 
over receipts of Rs 2 712-10-2 A sum of Rs 256 was roali/od on account 
of admission fus and Rs 274-2 0 on account of compounding subscription 
At the' liegmnmg of (lie jcai the rash position of the Institute was as 
follows 

Rs A 1* 


In Savings Rank account. 
, Gove, rnment paper 
Cun cut account 
„ Hand 


2 I n 2 0 

11 (MM) () 0 
12,023 15 8 
(> 15 9 


Tmvr 17 176 1 5 


At the end of tho yoai, however, the cash position was roducod to the 
amount as shown below 


In Savings Bank account 
,, Government pajier 
,, Current account 
„ Hand 


Rs a p 
2,166 7 0 
40,000 0 0 
2,079 5 3 
12 13 0 


Total 44,258 9 3 


ArPKNl>IUI*S 

I List of Follows 

11 Abstract Proceedings of the Council 

III Committees, 1940 

IV List of Institutions on the exchange list 
V Periodicals received for the Library 

VI Audited statement of accounts, December 1938-November 1949 
Vll Budget Estimate, December 1939-Noveinber 1940 



APPENDIX I 


LIST OF FELLOWS 

ORDINAL KKMOWh 

1 Abraham, Li Cor Y\ L V, \H('S (£), 1 (l S , M fitot P T , S« nioi Biologist 

Burundi Oil Co Ltd , Burma, Hhudaung, Magwo, Burma (1936) 

2 Aoharkah, S I* MA, J'li D F L S , (those Professor of Botum, Calnitta 

Univi rHity Vi, Bullygonj Circular Jtoud, Cal< utta 

3 Ahmad, Na/ir, 0 13 10 , M Si , Ph 1), Dirot tor, Jiidiuu Central Cotton (omnuttu’s 

Technologii til Labomtmy, Mutmiga, Bombay 

4 Aivah, H (Iofai a, M A , L T , M be , Ujum mity Professor of Zoology and Director, 

University Zoological Laboratory, Madron (1938) 

3 \ jrfkar, 8 L , 13 A , 1 K S (Bold ) Kfto Hhamburda, J'ooiui 4 

0 Ananda Kao, K Kao Bahndin, M A , I h S , Croft Hsor of Mathematics, Prt Halt ucy 
College, Madras 

7 Ann, W C , B Mr , M Inst C 10 \ M I M«ihh, Bengal Club, Calcutta 

8 Audfn, J B MA (Cantab ) Geologist (o ologn al Suryov of India, Indian Museum 

Calt utta (1038) 

9 Vwaii, 1* R , B A . 1) 1 C , I K b , Piofessoi of Zoology, Royal Institute ot Sc lenoe 

Mayo Ruud Bomlmy 1 

10 Baoohkk, K U, J)St , DIC, Mycologist, lmpoiml horest RoHoanh Institute, 

Dobra Dun, U 1’ 

11 Baht , K N , D Sc , I) Phil, Professor of Zoology, Lucknow University, Luc know 

12 Banfrjef, K , D Sc , Roadc r iii Physios, Dacca University, Ramna, Dacca (1939) 

13 Bankrjf, A C , M Sc , M \ , F R V S , 1 JO S Professor of Mathematic s, Allahabad 

University, Allahabad 

14 BanFHJI, S K , D Sc , Mob urologist, Meteorological Oilite, Poona f> 

15 BkKsoN, 0 F' C , D Sc Forest Entomologist, Imperial Forest Research Institute 

Dehm Dun, U 1* 

10 BhauadWaja, \ , M Be , Ph D (Lond ), F L 8 , Professor of Botany and Head of 

tho Department, Benares Hindu University, Benares (1937) 

17 Bjiarucha, F R . B A , B Sc , M Se , D Sc , Professor of Botany and Hoad of the 

Department, Royal Institute of Science, Bombay (1939) 

18 Bhahkara Shahtri, T P, MA, FR AS, Director, Nizamiah Observatory, 

Hyderabad (Decean) 

19 Bhatia, B L , D Se , F Z S F It M S F A Sc , Principal, Ranbir College, Sangrur, 

Jind State (1937) 

20 Bhatnagar, 8 8,0 B K , I) 8c , Professor of Cliemistry and Director, Uiuversity 

Chemical Laboratories l’anjab Unn ersity, Lahore 

21 Bhattauiarya, D R , M Sc , Ph D , Dr 4s Sciences (Paris) Professor of Zoology, 

Allahabad Unn orsity, 7, Mulaviya Road, Allahabad 

22 Bomforu, Major Guy, R E , Sunoy of India, Dehra Dun (1935) 

23 Bosk, D M , M A , B Sc Ph D , Director, Bcso Institute, 93, Upper Circular Road, 

Calcutta 

24 Bose, G 8, DSo, MB, Head of the Department of Experimental Psychology, 

Calcutta University, 92, Upper Circular Road, Calcutta 

25 Bosk, N K , M Sc , Ph D , Offg Director, Punjab Irrigation Research Institute, 

Lahore (1938) 

26 Bosk, S N, M Se , Professor of Physics and Head of the Department, Dacca 

University, Ramna, Dacca 
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27 Bose, S It. M A , Ph D FR8E Professor of Botam, Carmichael Medical College, 
Calcutta (1915) 

2ft Bbahmac hari, Sib U N , Kt. Rai Bahadur, M A MD.PhD.FUASB.KIH 
Physician Medical College Hospitals Calcutta (Retired) 19, Loudon Street 
Cali utta 

29 Burns W , U he , 1A S , Agricultural Commissioner with the Gov eminent of India 
New Della (19151 

10 111 HRinof W DM MA (Oxon), Professor of Physiolngv Lucknow University, 

Lui know 

11 Ih kt, Sib Bbyoe C . Kt , V 1 K , M B E 11 S< IAS. o/o Westminster Bank, 

llmhopston Bristol 

12 ('linn C C , B Si (Agr), PLS, 18 Gladstone Pioce, Vlierdec ii Scotland 

11 ( MAKHAVAKil, S N, 1) Sc (Oxon), PIC PCS Choimcal Examiner to Govern 

monts of U P and C P 4fi Taj Road, Agra (1935) 

34 CuAMProK H G M A , Conservator of Porosis Western Cm lc ITiuted Pmvmcts, 
Naim Tal 

15 ( hvtthuff G , M Sc , Meteorologist in eharge Upper Air Observatory \gra 

(19151 

hi Chaddiuiri H, D Si PhD, DIO', Head of the Department of University 

Toaching in Botany and Director, Kanhyap Research laboratory, Panjali 
University, Lahore 

17 Chopra B N , D S< FLS Vssistant Rupc rtnfc intent,/oologu al Survoy of India 

Indian Museum Calcutta (1911) 

18 CiiornA, Brfvft Col R N, CIR MD, Sol) PRASB, FRCP. 

T M S (Retd ), Direi ter. School of Tropn al Midicino Calcutta 

19 Ciiowmicav K M Sc Dr Phil (Beilin), Reader ui Cheinistrv Dac ca University, 

Rnmna Dacca 11938) 

40 (ouioivN Brioaimkk Sib Hakoiii, Kt, 1) S O MU i In Llovds Bank Ltd . 

R Dipt (t Pall Mall, London. S \\ I 

tl ( oi r r.sov, A I , l)8< , I) TO , K(l H , Superintending Geologist, Geological Survoy 
of India Indian Museum Calcutta (1915) 

42 ( 'kooksuavk, II , It A , D Sr , B A 1 , Huponntendmg Geologist, Geological Survey 

of India, Indian Museum, Calcutta (1938) 

H Dahtum, R H , M Sc , Cotton Physiologist, Agricultural College, Lyallpur, Punjab 
H Datta S, MS, 1>Sc , DTC, Professor of Physics, Presidency Collogo, Calcutta 
(1915) 

41 Datta, Captain S C A , B So , M R C V S , D T V M , Veterinary Research Officer, 

Impci ial Vi termary Research Institute, Muktesar Kumaiin. U P (1938) 

4fl Dfy, 11 H D Sc, FIC, TES, Frofessoi of Chenustiy, Presidency College 
Madras 

47 Dhab N R. DSc . PIC, IRS, Deputy Director of Puffin Instruction, UP 
Allahabad 

4H Dhab, 8 C , M Sc , D Sc (Cal, Edin ), P R S E., Professor and Hoad of the Depart 
mont of Mathematics, Nagpur University, Nagpur (1918) 

49 Dunn, J A , D Sc* , D IC, F G 8 , Geologist, Geological Rurvey of India, Indian 

Museum, Calcutta. (1935) 

50 DuNNicurv, H B, CIE, MA, Sc I), FIC, IES, Chief Chemist, Central 

Revenues and Director, Control Laboratory, Now Delhi 

51 Dutt, S B , D Sc , D I C , Reader m Organic Chemistry, Allahabad University. 

Allahabad (1935) 

52 Evvns. P . 13 A , F G S , 156, Longlands Road, Sidcup, Kent 

51 Pkrmob, Sir Lewis L, Kt, OBE, DSc, ARSM, M Inst M M , FGS, 
F R A S B F R S . c/o Lloyds Bank, 6, Pall Mall, I Pinion, S W 1 
14 howiiBR, GiLHh,KT .1 , D Sc , FIC , Consulting Chemist, Maekay’s Gardens Annexe, 
Grnmes Road, Cathedral P 0 , Madras 

55 Fox, 0 8 , I) 8c , M I MiruE , F G 8 , Director, Geological Survey of India, Indian 
Museum, Calcutta 

66, Oeh, E R , M A , F G 8 , Geologist, Geological Survoy of India, Indian Museum, 
Calcutta, (1935), 
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57 Ghosk, S L , M Sc , Ph D , Professor of Botany, Government College, Lahore 

58 Ghosh, J , M A , Ph D , Profossor of Mathematics, Presidency College, Calcutta 

(19S6) 

59 Ojiosh, J C , D Sc , Director Indian Institute of Scienco, Hobbal, Bangalore 

00 Giiosh, P N , M A , Ph D , Sc D (Hon), F Tnst P Ghosh Professor of Applied 
Physics, Calcutta University, 92, Upper Cir< ular Road, Calcutta 
<11 Ghosh, R N , D Si , Roador in Physics, Allahabad University, Allahabad (1939) 

62 Gr fnnie, 1st Cot E A , D S 0 , R E , Survey of India, Dohm Dun 

61 Gravi i \, F H, DSc.FK ASH, Superintendent, Government Museum, Musoum 
House, Eginoro, Madras 

64 Ghha, 11 S , M A , Ph D , Assistant Superintendent, Zoological Survoy of India, 
Indian Museum, Calcutta 

0"i Guiia, P C , D Sc , Acting Professor of Orgamc Cliomistry, Indian Institute of 
Sin mo, Hehbal, Bangalore (1935) 

66 Haddow J 11 , U Sc , M R C V S , I) V S M . Veterinary Research Offlcir m charge 

of Hi rology. Imperial Veterinary Research Institute, Muktosar Kuniuun, U P 

67 IhMiiiY, D, MO, H He , N D A , Director, Imperial Chemical Industries, India, 

Calcutta (1938) 

68 Hkrov, A M, DSc, F G 8 , FRGS, F R H E , FRASB, Mines and Geology 

Office, Hyderabad (Din can) 

69 Hora, S L , Rai Bahadur, D Sc , F R S K , FIS, F Z H , FRASB, Asst 

Superintendent, Zoological Survey of India, Indian Museum, Calcutta 

70 Husain, M Afzal, Khan Bahadur, M A , M S< , IAS, Vk< Cliancellor, Punjab 

University, Lahore 

71 Iyengar M O P, MA, PhD, F L 8 , University Professor of Botany, Madras 

University, Tripluano Madras 

72 Joskt, A C , D So , AsHiatant Professor of Botany, Benares Hindu University, 

Benares (1938) 

7 1 Kapur, S N , Ph D , Imponal Forest Resoanh Institute, Dohra Dun 

74 Kr< hlu, P K , D So , Profossor of Physios, Government College, Lahore (1915) 

75 Kohhy P K , F R 0 P , Professor of Anatomy, Medical College, Madras 

76 Kothari, D S , M So , Ph 1) , Roador and Head of tho PhysicB Department, Delhi 

University, Delhi (1936) 

77 Krishna, S , Ph 1J , D Sc , F I C , Forest Biochemist, Imperial Forest Research 

Institute, Dehra Dun (U P ) 

78 Krishna!*, K S , D Sc , Mahondra Lai Sircar Professor of Physics, Indian Association 

for the Cultivation of Science, 210, Bow Bazar Street, Calcutta 

79 Krishnan, K V, MBBS, LRCP, DB, DSc, Professor of Malonology and 

Rural Hygieno, All-India Institute of Hygiene and Public Health, Calcutta 

80 Krisiinan, M S,ARC8,PhD,DlC, Geologist, Geological Survey of India, 

Indian Museum, Calcutta (1935) 

81 Lat„ RB.MBB8 DPH.DTM&H.DB, Professor of Vital Statistics and 

Epidemiology, All India Institute of Hygiene and Pubbc Health, Calcutta (1935) 

82 Law, 8 C , M A , B L , Pli D , M B 0 U , 50, Kailas Boso Street, Calcutta (1936) 

83 Lewis, Brigadier C G, OBE, Surveyor General of India, 13, Wood Street, 

Calcutta (1939) 

84 MacMahon, P 8 , M Sc , B So (Oxon), FIG, I E S , Professor of Chemistry, 

Lucknow University, Lucknow 

85 Mahajani, G S , MA , Ph D , Principal and Professor of Mathematics, Fergusson 

College, Poona 4 

86 Mahai anobis, P C , MA , B So , I E 9 , Professor of Physios, Presidency College, 

Calcutta 

87 Maiibswari, P , D.Sc , Reader m Botany, Dacca University, Ramna, Dacca (1936) 

88 Matthai, George, MA , SoD, FLS, FZS, FUSE, Professor of Zoology, 

Government College, Lahore 

89 Mehra, H R , M So , Ph D , Reader in Zoology, Allahabad University, Allahabad 
90. Mehta, K C„ Raj Bahadur, M So , PhA), Professor of Botany, Agra College, Agra 
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91 Mnxs, J P , M A , IC 8 , Secretary to HE the Governor, Go\ ornment House, 

Shillong, Assam (1930) 

92 Mim v, S K , M H E , D So , Ghoso Professor of Physic s, Calcutta University, 92, 

(Tpjxir Circular lioad, Calcutta 

91 Mrrnm PC M A , Ph l> , Palit Piofessor of Chemistry, Calcutta University, 
92, Upper Oirr ular Komi, Call utta 

94 MooKHtJKr, IT K , D St , 1) I C University Professoi of/oology and Head of tlio 

Department Calcutta University 35, Ballygungo Cm ular Road, Cali uttn 
(1919) 

95 Mown a wai,I a, P N M \ , M I E E , Mem A T U E . M T E , 101, From Road, Fort, 

Bombny 

90 Muriieimi e, J N , U 8c F C 8 , F R A S B Gliose Professoi of Chemistry, Cali uttu 
Ui'iv i isitv, 92, Uppi r Cm ular Rond, Calcutta 
97 Naik, K C , D So , 1< I C , Profoasor of Chemistry, Baroda Collogn, Baruda 
99 Nariikvr V V HSc (Rom) R V (Cantab ), b R A S Professor of Mathematn s 
and Hi ail of I h» Department, Hinnies Hindu University, Romms (1919) 

99 Nmor, P , M \, PhD, IKS (llctd), 4tA, New Shamhn/ar Strut, Calcutta 
(1910) 

10(1 Normand C W H M A , D Si , Director General of Obsorvatorios, Mok'orologicul 
Ofhcn Poona 5 

101 Olvkr, Coi Sir Annum, OR, CMC , FRCVS. Principal, Royal Veterinary 

(’ellogo Edinburgh 

102 PAsnir, C G, MRRS, Ph I), DP IT, 1) I’M, Otfg Director, King Institute 

of rrovontivo Medicine, Guindy Madras (19)9) 

101 PARAVJrt, C R, M S< , A I T Si , IKS, Principal and Professor of Physics, 
Royal Institute of Sihmiio, Bombay (1917) 

104 Paranji'yi , R P , D Sc , Fi rgussim College Road, Poona 4 

105 PCKin, P K . M A , B Si IKS Pmu ipal and Professor of Rotany, Ravenshau 

Colli go, Cultock 

Il>0 Parkinson, C K , Deputy Consc i vator of Forests, Mmbu Divisioi Minbu, Burma 
(19301 

107 Pasbic ha, Major C I,, I M S , Professor of Pathology and But toriolegy. School of 

Tropical Medicine, Calcutta (1939) 

108 PERcrvAL, F G , Ph D EOS, Superinti ndent of Mines a» I Quarries, Tata Iron 

& Steel Co , Ltd , 1, lleldih Lake Rood, Jamslioilpur (1930) 

109 Phh poi, H P , B Sc (Hug ). V M Lust C F , M I Met h K , M l A K , M 1 M , Prim ipal 

and Jodhpur llarclingo Professoi of T« i hnology, Kuginecimg Colli go, Ronaros 
Hindu Umversity Renan s 

110 PivruLD, K S , M A , F G S , (Jc ologist, Tho Attoi k Oil Co , Ltd , Rawalpindi 

111 Prasad, B N , M Sc , D Sc , Ph 1) , Mathematics Department, Allahabad Umversity, 

Allahabad (1930) 

112 Prasad, Mata, D Sc , F IC , Professoi of Inorganic and Physical Chonustry, Royal 

Institute of Scionco, Bombay (1935) 

113 Prashao, Baini, DSc, FUSE, FL8, FZS.FRAHB, Director, Zoological 

Survey of India, Indian Museum, Calcutta 

114 PitUTin, H S , M So , Ph D , Imperial Entomologist, Imperial Institute of Agncul 

tural Research, New Delhi 

115 Qubesui, Muzajaruddin, PhD, Professor of Chemistry, Osmarua Umversity, 

Hyderabad (Doooan) 

110 Raj, B Sundara, Dewon Bahadur, M A , Ph D , Director of Fisheries, Madras 
(1930) 

117 Ramanathan, K E.MA.DHc, Meteorologist, Meteorological Office, Poona 0 

118 Raudas, L A , M A , Ph D , Agricultural Meteorologist, Poona 5 (1935) 

119 Ranoaswamt Ayy an oar, G N, Rao Bahadur, B.A , IAS, Millets Specialist, 

Agricultural College and Research Institute, P O Lawley Road, Coimbatore, S I. 

120 Rao, B Rama, MA, DIG, FGS, Director, Geological Survey Department, 
Mysore State, Bangalore 

Rao, L Rama, MA., FGS, Professor of Geology, Central College, Bangalore. 
(1939). 


121. 
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16 Phot J Perrin, N L , Sorbonne, Pans 

17 Pros' Robert Robinson, 1) So , F R S , Waynflete Professor of Organic Chemistry 

in the Dyson Pern ns laboratory, Oxford University 

18 Sir E Joun Rcsskix, D Be , F R 8 , Director, Rothamsted Agricultural Experimental 

Station, Harpondon, Herts, England 

111 Sik Albert 0 Seward, D Sc , Hon LL D , FRS, Formerly Master of Downing 
Colloge and Emeritus Professor of Botany in the University of Cambridge, 209 
Cromwell Rood, London, S W 5 

20 Sib Charlks S Sherrington, OM, GBE, NL, FRS, Formerly Waynflete 

Professor of Physiology in tho Umvorsity of Oxford, Broomsulo, Valley Road, 
Jpswicli, England 

21 Dr C M Wk nyon, CMC, CBE, FRS, Diroctor-m chief, Wolltorno Bureau 

of Scientitic Research, 183, Kuston Road, London, N W 1 


APPENDIX II 

ABSTRACT PROCEEDINGS OF THE COUNCIL, 1039 

[Note—These abstracts of the proceedings of tho Council relate to questions dealt 
with which are likely to be of interest to Fellows Routine matters and matters which 
are under consideration are not included ] 

1 The Council resolved that m future all arrangements regarding scientific pro 
gramme of discussions or symposia arranged by the National Institute bo mode by a 
committee appointed by tho Council for tho purpose, consisting of the covenor and two 
or three other members The committee shall be responsible for arranging the matter 
for publication and sending it to tho editor in a form ready for the press within one 
month of tho symposium being held In view of the large oost of publication it is 
suggested that only important contributions to the discussion should be published in full 
(No 8—8 2 39) 

2 The following resolution passed at an emergenoy mooting of the Counoil was 
forwarded to the Private Secretary to His Exoollency the Viceroy 

4 Tho President and Council of the National Institute of Soionoes of India, on behalf 
of the Institute, loyally place their expert scientific knowledge at the disposal of the 
Government in the present crisis * (5 9 39 ) 


APPENDIX III. 
COMMITTEES, 1940 
SECTIONAL COMMITTEES 


(1) ‘Mathematics’ Committee for Mathematics, Astronomy and Geodesy 


Principal G S Mahajam 

Principal B M Sen (Secretary and Convener) 

Prof A C Banerji 

Prof M» R Siddiqi 

Mr T. P Bhaakara Shaatn 

Brigadier C G. Lewis 


To serve until 
Dee 31 
1940 

1940 

1941 

1941 

1942 
. 1942 
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(2) 'Physios' Committee for Physios and Meteorology — 

To serve until 
Deo 31. 


Dr D S Kothan 1940 

Prof S K Mitra 1940. 

Dr K R Ramanathan 1941 

Prof M N Saha 1941 

Dr K 8 Krishnan (Secretary and Convenor) 1942 

Prof S Bose 1942 


(2) Chemistry' Committee for Pure and Applied Chemistry — 

Prof B B Dey 
Prof J C Ghosh 
Dr H K Son 
Kao Bahadur B Viswanath 
Prof P 0 Mitter (Secretary and Convenei) 

Dr S S Bhatnagar 

(4) Engineering Scieooos’ Committee for Eugmooring, Metallurgy, 
Electro technics and kindred aubjocta — 


Dr G J Fowler 1910 

Dr K Spencer 1940 

Dr N K Bose (Secretary and Convener) 1941 

Mr D Hondiy 1941 

Mr F N Mowdawalla 1942 

Dr P N Ghosh . 1912 

(5) Geology’ Committoe for Geology, Pal reontology. Mineralogy and Geography -- 
Dr M S Knshnan 1940 

Dr F G Peroival 1940 

Dr A L Coulson (Secretary and Convener) 1941 

Dr 0 S Fox 1941 

Prof L Rama Rao 1942 

Prof B Hahiu 1942 

(U) 'Botany' Committee For Pure and Applied Botany, Forestry and Agronomy - 

Dr S L Ghose 1940 

Prof S P Agharkar (Secretary and Convenor) 1940 

Prof B Saliru 1041 

Rao Bahadur T 8 Venkataraman 1941 

Dr K Bagchee 1942 

Dr P Maheswan 1942 


(7) ‘Zoology’ Oomraittoo for Pure and Applied Zoology and Anthropology 

ineluding Ethnology — 

Prof G Matthai 
Dr B Sundara Raj 
Dr C F 0 Beoson 
Rax Bahadur 8 0 Roy 
Mr J P Mills 

Dr B Frashad (Secretary and Convener) 

(8) ‘Physiology’ Committee for Animal Physiology, Pathology, Bacteriology, 

Psychology and other Medical and Veterinary subjects — 

Dr A 0 Ukil 
Lt -Col H E Shortt 
Lt Gel B S Sokhey 
Col R Row 
Dr G Bose 
Mr. J R Haddow 
Bt.-Col R N Chopra 
Dr 0 G Pandit 

Major 0 L. Pasnoha (Secretary and Convener) 


1940 

1940. 

1940 

1941 

1941 

1941. 

1942 
1942 

1942. 


1940 

1940 

1941 

1941 

1942 
1942 


1940 

1940 

1941 

1941 

1942 
1942 
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APPENDIX IV. 

LIST OF INSTITUTIONS ON THE EXCHANGE LIST. 


Allahabad 


Indian 


1 Allahabad University 

2 National Acudomy of Sciences, India 


Bangalore 

3 Department of Agriculture, Mysore State 

4 Electrical Engineering Society 

5 Geological Survoy Department, Mysore State 
0 Indian Academy of Sciences 

7 Indian Institute of Science 
S Meteorological Department, Mysore State 
11 Society of Biological Chemists, India 

Benares 

10 Indian Botanical Society 
Bombay 

11 Anthropological Soi loty of Bombay 

12 Bombay Natural History Society 
11 Indian Contral Cotton Committee 

14 Royal Institute of Science 

('alcutta 

15 Anthropological Society of India 

10 Biochemical Society of India 

17 Botanical Sun, ey of India 

18 Calcutta Mathematical Society 

19 Calcutta Medical Club 

20 Calcutta School of Tropical Modicino 

21 Calcutta Uuiversity 

22 Carmuhaol Medical College 

21 Geological, Minmg and Metallurgical Society of India 

24 Coological Survey of Iudia 

25 Indian Assouatiou for the Cultivation of S< ionise 
241 Indian Chemical Society 

27 Indian Medical Gazette-—(Thuckor, Spink A Co (19‘11), Ltd ) 

28 Indian Physical Socioty 

29 Indian Psychological Association 

30 Indian Statistical Institute 

11 Indian Tea Association 

32 Institution of Chemists, India 

,13 Mining, Geological and Metallurgu al institute ot India 

34 Physiological Society of India 

35 Royal Agn Horticultural Society of India 

16 Royal Asiatic Society of Bengal 

17 Science and Culture 

38 Survey of India. 

39 Zoological Survey of India 

(Joonoor 

40 Paatour Institute of Soutlwm India 


Dacca. 

41 Dacca University 
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Dthra Dun 

42 Board of Management, Indian Foroster 

43 Imperial Forest Research Institute 

Hyderabad ( Deccan ) 

44 Department of Mines and Geological Survey, HEH Nusin'a Govorrunent 

45 Osmama Umversity 

Indore 

46 Institute of Plant Industry 
Kaeault 

47 Central Research Institute 

48 Indian Journal of Medical Research 
40 Malaria Institute of India 

Lahore 

m Punjab University 
Lucknow 

51 Indian Zoological Memoirs 
62 Lucknow University 

Madras 

53 King Institute of Preventive Medicine 

54 Madias Fisheries Department 

55 Madras Government Museum 

Mukteear 

36 Imperial Veterinary Research Institute 
Xtujgar (Punjab) 

57 Himalayan Reaearcli Institute, Rooricli Museum 
\ew Delia 

58 Imperial Council of \gnoiiltural Rosoaroh 

Poona 

56 Indian Matliematnul Society 

60 India Meteorological Department 

Ranchi 

61 Indian Lac Research Institute 

Simla 

62 Himalayan Club 

Foreign 

Canada 

63 Department ot Mines, Ottawa 

64 Geological Survey of Canada, Ottawa 

(Jape Colony 

65 South Afuoau Library, (Jape Town 

China. 

66. Clunoso Physical Society, Kunming. 

67. National Agricultural Research Bureau, Nanking. 
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Frames. 

68. Museum Natural d’Histoire Naturelle, Pans. 

Germany 

60 Chemischos Zontralblatt, Berlin 
Great Britain 

70 British Museum, Natural History Section, London 

71 Impenal Bureau of Plant Uenntus (for Lrops other than Herbage), Cambridge 

72 Iinporial Bureau of Plant Genetics (Horbugo plants), Aberystwyth 

73 Nature, London 

74 Patent Office, London 

7G Royal Botanic Gardens, Edinburgh 

76 Royal Socioty of Edinburgh 

77 Si lonco Museum, London 

Italy 

78 [nstitut International d’Agnculturu, Rome 

Java 

79 Dopartemimt van Econounscho Zakoti, Batavia 
Rhitippnu 9 

80 Phihppine Bureau of Science, Manila 

Russia 

81 All-Union Lomu Library, Moscow 
Uganda 

82 Geological Survey of Uganda 


81 American Chemical Society, Columbus 

84 Americ an Museum of Natural History, Now York 

85 Marine Biological Laboratory, Woods Hole, Mass 

86 Scnpta Mathomatica, Now York 

87 Smithsonian Institution, Washington 

88 Treasury Department, U S Public Health Service, Washington 

89 U S Department of Agriculture, Washington 

90 US National Bureau of Standards, Washington 

91 US National Museum, Washington 


APPENDIX V 

LIST OF PERIODICALS RECEIVED IN EXCHANGE 
OR AS PRESENTATION 

Indtan 

Agriculture and Livestock m India 

Annual Report of the Calcutta School of Tropical Medioine 

Annual Report of the Institute of Chomuts, India 

Annual Report of the Indian Tea Association 

Annual Report of the Indian Central Cotton Committee 

Annual Report of the Department of Agriculture, Mysore 

Annual Report of the Indian Association for the Cultivation of Suenoe 

Annual Review of Biochemical and Allied Research in India 

Astrographio Catalogue, Hyderabad Section. 
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Bulletin of the Indian Central Cotton Committee. 

Bulletin of tho Calcutta Mathematical Society 

Bulletin of tho Oeological, Mining and Metallurgical Society of Indio 

Bullotin of tho Madras Government Museum 

Bullotin of the Mysore Coffoe Experiment Station 

Calcutta Medical Journal 

Electro techiucs 

Goodetio Report of the Survey of India 
General Report of tho Survey of India 

General Jteport on Village or Extra factory Consumption of Cotton m India 
Hoallli Bulletin (Malaria Institute of India) 

Indian Forest Records 
Indian Forest* r 

Indian Journal ol Agn* ultural Science 

Indian Journul of Physics 

Indian Journal of Medical Research 

Indian Journal of Veterinary Science and Animal Husbandry 

Indian Medical Gil/otto 

Indian .Modi* al Research Memoirs 

Indian Zoologu al Memoirs 

Journal of the Department of Science, Calcutta University 

Journul of tho Indian Ch* miud Sot lety 

Journal ot tho Indian Institute of 8* mneo, Bangaloro 

Journal of tho Indian Mathematical Society 

Journal of tho Indian Medical Association 

Journal of the Malaria Institute, India 

Journal of the University of Bombay 

Journal OHiuaiua University 

Journal of the Hyderabad Geological Survoy 

Magnetu, Meteoiologual, Atmosphon*, Electrical ami Seismological Observations made 
at the Govemm* nt Observatory, Bombay and Alibagh 
Memoirs oi the Geological Survoy of India 
Memoirs of tho India Meteorological Department 
Memorandum, Indian Tea Association 
Mysore Agricultural Calendar 
Proceedings ot tho Institute of Chemists, India 
Pro*< h. dings of the Indinu Academy of Scieueos, Bangalore 
Proceedings of tho National Acudeiny of Sciences, India 
J'roeocdings of tho Society of Biologic al Chemists 
Quarterly Journal of the Indian Institute of Suonce 

Quarterly Journal of tho Geological, Mining and Motalhirgic al So* icity of India 

Rounds of tho Geologicul Society of India 

Report ot tho Institute of Plant Industry, Indore 

Report of the Botanical Survey of India 

Jtojwrt of tho llaffkino Institute, Bombay 

Report of tho King Institute of Preventive Medicine, Madras 

Report of the Madras Fisheries Deportment 

Science and Culture 

Seismological Bulletin of the India Meteorological Department. 

Scientific Notes of the India Motoorologi* al Department 
Siam Scientific Bulletin 

Statistical Leaflets of tho Indian Central Cotton Committee 

Summary Proceedings of tho Mootings of tho lndiun Central Cotton Committee 

Tho Mathematics Student 

Transactions of tho Mining, Geological ami Metallurgical Institute of India 
Transactions Calcutta Medical College Ro Union. 

Foreign 

American Museum Novitato*, New York 
Annals Jardin Botaniquo, Buitenzorg 

Annual Report of the Goological Survoy Department of Uganda 

Biennial Report of Lisoct Control Work conducted by the National Agricultural Research 
Bureau, Chunking 

Biological Bulletin of the Manne Biologioal Laboratory, Woods Hole, Mass , U£ A. 

Benchte der Deutsohen Obeuuaohen Gesellsohaft, Berlin. 
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Bulletin of the Canada Department of Mine* 

Bulletin of the Geological Survey of Uganda 
Bulletin of the National Museum of Canada 

Bulletin (Herbage Publication Senes), Imperial Bureau of Plant Genetics, Aberystwyth 

Bulletin of tho U S National Museum, Washington 

Collected Reprints of the Woods Hole Oceanographio Institute 

Contributions from the U S Herbanum, Washington 

Crop Reports of the National Agricultural Research Institute, Nanking 

Experiment Station Record, U S Department of Agnoulture, Washington 

Himalayan Journal 

International Revue of Agnoulture, Rome 
Journal of the Atnenoan Chemical Sooiety 
Journal Sanghsi Institute of Science 
Memoirs of the Canada Department of Mines 
Notes from the Royal Botanic Gardens, Edinburgh 
Proceedings of the Royal Society of Edinburgh 
Proceedings of the U S National Museum 

Papers in Physical Ocoanography and Meteorology, Woods Hole OcoanogiupliiL. Institute 
Report of tho National Research Council, Washington. 

Report of the National Agricultural Rosoarch Bureau, Chungking 
Report of the Canada Department of Minos 
Script* Mathematica, New York 

Technical Nows Bulletin of the National Bureau of Standards, Washington 
Transactions and Proceedings of tho Botanical Sooiety of Edinburgh 
Treubia 



THE NATIONAL INSTITUTE OF SOURCES OF INDIA 
eceipts and Payments Account for the year ended 30th November, 1939 
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APPENDIX VII. 


BUDGET ESTIMATE FOR 1939-40 



1938 39 

1938 39 

Estimate for 

Ordinary Receipts 

Estimate 

Actuals 

1939-40 

Subscriptions 

5,500 

5,440 

5,500 

Interest 

Contributions towards publication of 
‘Indian Science Abstracts’ 

Sale of Publications including ‘Indian 

1,200 

1,347 

1,400 

500 

COO 

500 

Scienoe Abstracts’ 

100 

700 

500 

Grants in aid 

700 

700 

800 

Grant in-aid from Government of Imlia 
Miscellaneous Receipts 

6,000 

6,000 

33 

6,000 

Contribution from General Fund 

2,450 

2,713 

4,050 


16,650 

17,533 

18,750 

Extraordinary Receipts 

Admission Foes 

320 

256 

320 

Compounding Foos 


274 

131 


320 

530 

451 

Ordinary Payments 

Solanos and allowances 

Publications including ‘Indian Science 
Abstracts’ 

Contributions to oo operating academies 

2,700 

2,920 

3,300 

9,000 

10,340 

10,500 

under Rule 19 

1,200 

1,128 

1,200 

Furniture 

500 

115 

400 

Postage 

500 

561 

600 

Stationery 

150 

144 

150 

Audit Feo 

Honoraria, etc for preparing abstracts 
for‘Indian Science Abstracts’ 

50 

50 

50 

1,200 

1,377 

1,300 

Travelling 

600 

159 

500 

Offioe Rent 

600 

600 

600 

Miscellaneous 

160 

133 

150 

Extraordinary Payments. 

16,650 

17,533 

18,750 

Funding of Admission Fees and 

Compounding Foes 

320 

630 

461 
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MADRAS, 1940 


By Brevet-Colonel It N Chopra, GIB, M D, Sc D , FRCP, 

1 M S (Retd ), Director, School of Tropical Medicine, Calcutta 

I General 

In tho first Annual Address to the Institute, which was delivered at 
Annual Address ^ ore In January 1030, Sir Lewis Fermor made a suggestion 
with regard to the type of address tliat the Presidents of 
the Institute should deliver annually His suggestion was so judicious and 
practical that it was willingly adopted by his successors, and following this 
lead I also propose to profaoo the mam part of my address with a brief review 
of the activities of the Institute during the past year of my office as its President 
My immediate predecessor, Prof Mogh Nad Saha, F R S, during the two 
years of his office as President devoted bo much time and thought to the work 
of tho Institute that we wore all very sorry when his torm of office ended 
I wish I could havo devoted that much time to the work of the Institute, 
but unfortunately with my other duties, this has not been possible I have, 
how over, tried my best to keep up the tradition of my illustrious predecessors, 
and I hope that I have, at least, succeeded in directing and maintaining the 
policy of tho Institute along the right linos 

Since our last Annual Meeting at Lahore the affairs of tho Institute havo 
progressed 111 a satisfactory man nor It is a mattor of 
congratulation that notwithstanding the stress of economic 
conditions our material prosperity has remained almost 
unabated during the last 12 months It is true that wo have received no 
fresh donations and that a number of our annual grants also have not been 
paid up, but we hope that this state of affairs is only temporary and that 
no sorious repercussions resulting from tho war in Europe will adversely 
influence our progress The activities of tho Institute have naturally 
been restricted to some extent by the prevailing abnormal conditions, but 
our record of the past year’s activities, as detailed m the Annual Report, 
reflects great diedit on the Council of the Institute and its administrative 
offioers for the conduct of its affairs 

The number of our Fellows at the beginning of the year was 157 Ordinary 
Fellows and 17 Honorary Fellows Three Ordinary Fellows 
resigned and 11 Ordinary Fellows and 4 Honorary Fellows 
were elected during the year. The total number at present is 105 Ordinary 


Activities of 
the Institute 


Fallows 
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Fellows and 21 Honorary Fellows This number, considering the prevailing 
conditions m the country and the statutory limitations in regard to new 
elections, is satisfactory, but the Council will havo to consider at an early date 
ways and meang for extending the Fellowship if the activities of the Institute 
are to be maintained and extended 

Our annual general moetings have followed the annual meetmgB of the 
Indian Seienco Congress Association ever since the fiist 
thelnstltute Mooting at Indore in 1936 Tho lost Annual Meeting was 
held in tho Hailoy Hall, Lahore, on the 2nd of January, 
1939 Owing to ill-health Prof Mogh Nad Saha, tho President for tho year, 
unfortunately could not attend tho meeting and his address had to bo read 
by Dr S K Mitra A full account of the meeting was published m tho 
Proceedings Two additional General Mootings were held during tho year, 
one on tho 6th of April a nd the second on the 26th and 26th of August, 1939 
m the hall of the Royal Asiatic Society of Bengal An important symposium 
on 'Coal m India’ was organized for tho second meeting by Dr C S Fox, 
Director, Geological Survey of India, on behalf of the Institute The 
symposium embraced all significant aspocts of the important problem of the 
mam fuel resource of this country and it is hoped that tho papers which woro 
presented during tho symposium and the discussions which followed on them 
will lead to results of practical importance to the country A detailed account 
of this symposium and of the papers read will, it is expectod, be published in 
our Proceedings at an early date I am glad to be able to say in this connection 
that as a result of the discussions during this symposium an important resolution 
urging the necessity for the formation of a Fuel Research Board in India was 
passed by the Institute This resolution has been forwarded to the Government 

of India for thoir consideration, and it is hoped that it will result in some 
practical steps being taken for tho formation of a Fuel Research Board and the 
protection of the highly important coal industry of the country 

The Counoil hold seven Monthly Meetings for the transaction of ordinary 
Resolution business and an emorgenoy meeting on the 6th of September 
on War 1939, soon after the outbreak of the war m Europe, at 
which the following resolution was passed 
'The President and Council of the National Institute of Sciences of India, 
on behalf of the Institute, loyally place their expert scientific* knowledge at 
the disposal of the Government in the present onsis ’ 

This resolution was communicated to the Private Secretary to His 
Exoellency the Viceroy, and I am sure all the Fellows of the Institute will 
be glad to render such expert services as they possibly can during the present 
crisis 


A committee was appointed during the year to consider the replies received 
Science and in ooimectlon with tiie questionnaire on Science and its 
Social Relations relations—a work which the Institute had undertaken 

to do on behalf of the Government of India It is hoped 
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that the oomnuttee will soon bo able to report and suggest the neoessary 
action that should be taken in the matter 

The publication of our Proceedings and Transactions has been continued, 
Publications throe numbers of the former and two of the lattor having 
been issued during the year The work in connection with 
out third publication tlio Indian Science Abstracts is particularly arduous, and 
our General Editor, Dr Bnim Prashad, deserves our gratitudo for the able and 
expeditious mannor m which the publications of the Institute have been brought 
out Ho has on several occasions explained the difficulties m the matter of 
prompt publication of the abstracts of literature for any particular year, 
m spite of sustained efforts only 3 parts of the Abstracts for 1936 and 1937 
could bo published during the yoar It may also be mentioned that tlus work 
is very oxpensivo, and though the Council of the Institute is grateful for the 
grants-in-aid rocoived and the co-operation of the associate editors and 
various other bodies who have helped m this connection, the continuation and 
publication of this work within a reasonable timo will depond on more funds 
bomg available and the active support of all scientists and scientific bodios 
throughout tho country Tho work in connection with this publication is 
becoming more and more heavy, and we cannot possibly expect Dr Prashad 
to givo us any more tune tlian he is already devoting to this difficult task 
It will eventually mean tho appointment of a paid Assistant Editor, but 
unfortunately our financial resources at present do not allow of any moro staff 
Wo hope, however, that things will improve and this important activity of the 
Institute will continue to flourish 

Sir Lewis Fermor m discussing tho programme of work of the Institute 
m 1935 announced that the Council proposed ‘to resuscitate 
m a different form the labours of the Board of Scientific 
Advice by publishing annually a review of tho progress 
of Scienco in India ’ Owing to tho very onerous naturo of the task and the 
inherent difficulties in its execution, it has not been possible to issue such a 
review up till now, and it is very doubtful whethor with our present resources 
we will evei be able to issue such a work every year Fortunately for us very 
detailed reviews of the progress of Science in India in all its branches by 
various authorities up to the end of 1937, with an excellent summary by the 
editor, Dr Baim Prashad, were included in that monumental publication of 
the Indian Science Congress Association—‘The Progress of Science in India 
durmg the past twenty-five years \ I have carefully considered this question 
during the past year, and while inviting the views of the Fellows of the 
Institute, suggest that instead of an Annual review we may plan a Quinquennial 
review, and the first issue should deal with the period 1938-42 If this view 
commends itself to the scientists all over the oountry, we will have to start 
getting together the material immediately so as to have the work ready for 
issue in )943, 


Quinquennial 

review 
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Objects of the 
Institute 


I have already referred to the question of financos of the Institute As 
Finance detailed in the Annual Report, we havo received a number 
of annual grants from the Government of India, various 
Universities and other bodies, but the grants are not nearly sufficient for the 
work which the Institute has to carry out ITnfortunatoly it has not been 
possible to get any grants from any of tho Provincial Governments so 
far, and I would again appeal to all of them for generous financial support, 
which alone would enable the Institute to jicrform all its functions efficiently 
Our Institute was founded to fill an urgont now! so keenly felt by scientific 
workers all over India for a body whioh could co-ordinate 
the work of various scientific societies, institutions and 
Government scientific departments and sorvicos throughout 
the country With this end in view the Organizing Committoe of the Institute 
wisely laid down the first five main items of its programme as follows — 

(а) Tho promotion of natural knowledge in India including its practical 

application to problems of national welfare 

(б) To effect co-ordination betwoon scientific academies, societies, 

institutions, and Government scientific departments and services 

(c) To act as a body of scientists of eminence for tho promotion and 

safeguarding of tho interests of scientists m India and to represent 
internationally the scientific work of India 

(d) To act through properly constituted National Committees m winch 

other academies and societies will be associated, as the National 
Research Council of India, for undertaking such scientific work 
of national and international importance as tho Council may be 
oallod upon to porform by the public and by Government 

(e) To publish such proceedings, journals, memoirs and transactions, 

and other publications as may be found desirable 

Since its foundation in 1935 tho Council of the Institute has left no stone 
unturned to further this programme, but financial and other difficulties have 
been a serious hmdranoe m the full performance of some of its activities. The 
publications and meetings of the Institute have been arranged with a view to 
bringing to the notioe of the authorities and the general public the very 
important and pressing question of exploring and developing the material 
wealth of this vast sub-continent and for harnessing the scientific resources for 
their proper exploitation Pious resolutions alone, however, cannot supplant 
active measures which are essential for developments of the type indicated 
above, 

India has fortunately been nobly endowed by nature with all that any 
Resources of conn^T can possibly need While primanly an agnoultural 

" Tflri<n country, with extensive agnoultural and forest lands capable 

of yielding almost all kinds of foodstuffs, timber and other 
eoonomio products, it also has very rich resources of v&nous minerals on whioh 
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depends the highly industrialized life of the present times Its power resources 
in the way of coal and water power are also very extensive, but have not 
been adequately developed According to Sir M Visvosvarayya only 2% 
of the Hydrooloctric resources of India have so far been developed In those 
respects Tndia can rightly be designated as one of a tnumvirato with the 
United States ot Ameuea and tho Russian Socialist Federated Soviet Republic, 
the only two other countries of tho world which have almost unlimited 
agiicultiiral, mmoral and powoi rewmiccs As compared to tho other two 
units of this triumvirate, however, those resources in India have for want of 
a systematic policy of industrialization not been developed, and natuially, 
therefore, India stands very low in the list of industuali7od countries ot the 
present day This unfortunate position of India is intimately connected 
with tho organization and development of scientific and technical education 
and losearch in tho (ountry and tho lack of an mdnstii.il policy A very 
HciiotiH situation has suddenly arisen as a result of tho war whuh Germany 
has torced on the world and tho ropercussions of which are already materially 
influencing bfe m eveiy country Its direct effects on India are already 
bocoming a sourco of great concern both for tho authorities and tho public 
at largo, as we are dependent for tho groat majority of manufactured com¬ 
modities on imports from foreign countries This has been brought home 
to mo vory forcibly m connection with the drug industry, which seemod to bo 
apparently making a headway, but the outbreak of war has brought to the 
fore tho very serious problem of tho supply of the basic materials for tho 
manufacture of medicinal preparations practically all of which were being 
imported from foreign countries Tlus is a situation which no self-respect¬ 
ing country should face with equanimity It would not, therefore, be out of 
place if I may briefly review tho situation to-day and indicate the urgent 
necessity for tho proper planning and organization of scientific research as 
this alone will make it possible for India to assume its proper placo in the 
comity ol nations, and bo as independent as possible of imports from other 
countries of oven the daily necessities of life 

Sir Lewis Formor and Dr Bairn Prasha d have within recent years 


Progress of 
scientific educa¬ 
tion and research 


discussed the organization and progress of scientific educa¬ 
tion and research in India, and the late Lord Ruthorford 
also included a brief review in his Presidential Address 
to tho joint session of tho British Association for the 


Advancement of Science and the Indian Science Congress Association m 1938 


It would, therefore, suffice if I include only a very brief summary here 


Education on Western lines was introduced into India within comparatively 
recent tunes and it is, therefore, remarkable that its progress in the country 


has been so rapid The first universities in this country were founded at 


Calcutta, Bombay and Madras m 1857, but these and others founded in the 
latter half of the 19th century were only universities of an affiliating type and 
their energies were mainly directed towards examining students for various 
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examinations and degrees, rather than serving as centres of teaching or research 
With the passing of the University Act of 1904, however, most of the universities 
instituted courses for advanced studies and special Honours courses in scientific 
subjects and, by the appointment of professors and lecturers and the extension 
of libraries and laboratories, materially advanced the cause of scientific 
teaching and oiigmal research in the country A start had been made m 
regard to scientific education in tho latter half of the 19th century, but this 
teaching was mainly confined to preliminary studies rather than more 
advanced teaching or research The major part of advances to our knowledge 
in the scientific sphere in India up to tho beginning of tho 20th century 
was due to tho scientific departments of the Government and work of 
independent workers who devoted their spare time and energies to studies 
in subjects which interested them In a number of caseH such devotion to 
research was looked down upon, and I cannot do hotter than eito the 
classical oxamplo of Sir Ronald lloss who was actually rebuked for devoting 
all his spare time to the study of mosquitoes, this mcidently resulted m tho 
discovery of the very important role played by mosquitoes in tho spread of 
Malaria 

University education sinco this period has progressed at a reniaikably 
rapid rate, but tho reorganization of the secondary school system to 
guarantee a sound basic education and primary Bciontific training, and tho 
reorganization of the University studies with a view to ensuring a sound 
knowledge of the fundamental sciences to servo aH a foundation for 
advanced study and research are still urgent desiderata 

In the recontly reorganized teaching universities m addition to thoir 
capacity for imparting training m various scientific subjects, 
research qualifications in the case of the professors and 
lecturers were rightly regarded aH requisites for appointment 
and promotion, but Prof Saha rightly pointed out the 
defects of tho present-day situation when he remarked 
that ‘owing to intrigues by vested interests, and defects m the constitution, 
these ideals are being lost sight of, nay even abandoned in many of the 
universities, and some of them are being reconverted to the high school stage 
from which thoy were rescued by the reforms of 1921-22’ 

After the World War of 1914r-18 greater attention was paid to the re¬ 
organization, on a more extensive basis, of the various Government soientifio 
departments and research institutions, and a number of special research 
institutions were founded Unfortunately the Board of Scientific Adnoe, 
which the Government of India had established m 1902 for the co-ordination 
of scientific work earned out by its official agencies, was closed down in 1924, 
and though proposals for the foundation of a National Research Council to 
replace this Board have been under consideration for several years, the scheme 
has not hitherto materialized The Indian Research Fqqd Association which 


Necessity for 
development of 
research acti¬ 
vities 
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was founded in 1911 for the prosecution and assistance of research in connec¬ 
tion with the causation, mode of spread and prevention of diseases m India 
has been carrying on a very useful work, but for want of funds its activities 
have been greatly restricted sinco 19111 The Imperial Council of Agiicultural 
Research constituted in 1929 and tho Indian Central Cotton Committee and the 
Indian Central Juto (Vnnimttee, have done very valuable service in arranging 
agricultural, technological and economic research m connection with agiieulturo, 
in effecting the improvement of vai lous typeH of t ropn, and in studying the 
factors connected with tho marketing of the products, but even hero lack of 
funds has boon a senous hindrance in tho way of progress Though a number 
of official organizations exist for tho development of Medical and Agncultuial 
Rosoarth, thoro aio no institutions worth the name for tl o advancement of 
Industrial Research Various private bequestH resulting in tho Indian 
Association for tho Cultivation of Science, Calcutta, tho Tata boquest 
resulting in the foundation of tho Indian Institute of Science at Bangalore, 
Sir Tarak Nath Palit, Sir Rash Bohary Ghosh and Khaira bequests loading to 
tho establishment of tho University Collogo of Scionco at Calcutta, tho Bose 
Research Institute, Calcutta, founded and endowed by Sir Jagadish Bose, 
Rai Bahadur Lakshminarain bequest to tho University of Nagpur, tho Maharaja 
of Joyporo bequest leading to tho foundation of tho Science Departments of 
the Andhra Umvorsity, < ontributions from the Rockefeller Foundation towards 
tho All-India Institute of Hygieno and Public Health and the Attock Oil 
Company bequests to the Punjab University are responsible for tho creation 
of a number of important agencies for tho advancement of higher teaching 
and research m various sciences With all those, however, the facilities for 
teaching and research in various sciences in the vast sub-continent of India 
have been and stdl are very limited, and it is, therefore, a matter of real pride 
that in spite of these handicaps Indian students of science havo, during this 
short period of a little ovor a quarter of a century, justified their capacity for 
original investigation In the words of tho late Lord Rutherford ‘India is 
now taking an honourable part and an over increasing Bliaro m the advance 
of knowledge in pure science ’ As Prof Saha, however, very cogently pointed 
out, ‘the time has now come not only to strengthen the scientific surveys and 
the research atmosphere of the universities, but we ought to enter on a third 
phase, namely, scientific research should now be applied for solving 
tho industrial problems of the country ’ 

Lord Rutherford m his Presidential Address, already referred to, gave a 
Value of Ind ver Y valuable summary of the organization of industrial 
trial Research " Tesearc ^ 1 in Great Britain, and, though great differences 
exist between agricultural and industrial conditions in 
Great Britain and India, it would be of value to give here a brief summary of 
how the Bntish Government have contributed to the promotion and organi¬ 
zation of industrial and agricultural research in the period since the World 
War of 1914-18 



28 


ANNUAL ADDRESS 


Prior to tho World War progress in industry ‘depended, in tho mam, on 
the brilliant contributions of individual workers, rather than on any systematic 
attack by scientific methods on the problems of industry’ The World 
War, however, brought the industrialists and tho men of science into closer 
contact to their mutual benefit The Government also recognized that a 
more systematic application of science and research over a broader field was 
essential in tho national interest, and in 1915 a speoial Department of Scientific 
and Industrial Research was founded This was followed by the Medical 
Research Council m 1920 and the Agricultural Research Council m 1931 In 
fact the establishment of tho Department of Scientific and Industnal Research 
marked the first organized measure taken m Groat Britain for helping industry 
through the application of scienco Soveral new organizations controlled 
and financed by this Department woio sot up to deal with the scientific aspects 
of the use of fuel, of the storage and tiansport of food, of buddings, roads, 
eto , and tho famous National Physical and tho Chemical Reseat ch Laboi atones 
at Toddmgton were- developed under tho aegis of this Department As a 
result very important national organizations have been built up for the 
investigation and application of scienco to various problems connected with 
the daily life of the people and the nation’s industry as a whole ‘ In tho British 
organizations there is no political atmosphoro, but of course the responsibility 
for allocating the neoessary funds ultimately rests with the Government ’ 
Tho planning of the programmes of research, however, ‘rests with research 
councils or committees who are not themselves State servants but distinguished 
representatives of pure science and industry’, this work being mainly in the 
hands of the Advisory Council of the Department of Scientific and Industrial 
Research Similar research organizations undor tho control of Research 
Councils or corresponding bodies, which havo boon set up in Canada, Australia, 
New Zoaland and South Africa, are responsible for the rapid scientific and 
industrial developments in these dominions 

The late Lord Rutherford m discussing the development of industrial 
research in Great Britain remarked 

‘Even in a large country like India, where the resources and needs of the 
different Provinces are very varied, it seems to me essential 
search° na Councl"l e ® oienc y that the organization of research should be 
for India on na tional rathor than on provincial linos The setting 

up of separate research establishments for similar purposes 
in the various provinces cannot but lead to much overlapping of work and 
waste of effort and money Such a oentral organization of research does 
not neoessarily mean that the scientific work should all be concentrated m a 
single laboratory ’ If research work is to be of real and lasting value it must 
be oamed out m tho interests of the country as a whole and not of any particular 
province or area As was well summed up m a leader in Nature , ‘ This 
necessitates careful planning and co-ordination of various schemes for research 
in all branches of scienoe, whether pure or applied In formulating the future 
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policy, India should profit by the experience of Canada and Australia where 
the working of tho scientific departments of the State or Provincial Governments 
vts-d-vts those of the Central or Federal Government Iuib shown that tho 
research organizations of tho country should be truly national and responsible 
to the Federal Government alone Tho detailed planning of research must 
bo in tho hands of those with the notossary specialized knowledge, and they 
must be able to act without suspicion of political or racial influence ’ In othoi 
words, a ploa is made foi tho foundation ol a National Research Council in 
India on the lines ol the body wlutli over since its < onstitution has boon 
renderuig such useful set vice in Great Biitnin Tho Council should not only 
define tho policy but act as an oxpert advisory body for planning and co¬ 
ordinating all scientific research in the country The planning of scientific 
policy and co-ordination of rescanh should bo so airangod as to preclude 
duplication and avoid wastage of talent and available funds, but without 
in any way restricting tho normal work of tho universities, seientifio departments 
and institutions, or m any way curbing individual initiative which is always 
so ossontial for high class research Such an authoritative body should also 
bo able to help in bringing about the necessary reforms m the existing system 
of scientific education Tho Council should bo hboraUy endowed so as to be 
independent of annual appropriations for carrying out all its programme of 
work 

Pure scientific research is as essential as that specifically devoted to the 
attainment of any industrial objoct While industrial 
Industrial Re* ro8earc ^ 18 con fi n °d specifically to investigations which have 
8earch a direct bearing on tho development of any industry, it 

would bo a truism to assert that discoveries made in the 
domain of pure science may and often find application in industries at a later 
date, and that ‘industrial application, though its precise form cannot always 
be foreseen at tho time, has como to be an expocted incident in the after¬ 
life of the discoverv’ This principle is fully accepted in the highly organized 
machinery for industrial research m tlie Umtod States of America, and aB a 
result a great deal of importance is attached to researches m pure sciences 
The connection of such researches with any of the industries is often not obvious, 
but all the same they are encouraged m the hope that they may provide tho 
raw material for industrial resoarch, and further owing to the interdependence 
of different investigations, progress in any one scionce may have a very marked 
boaring on the development of others Industrial research work in the United 
States of America, according to Flemming, has developed along certain definite 
stages. 

(a) Industrial research applied to the elimination of manufacturing 

troubles 

(b) Research having some new and specifio commercial objeot. 

(c) Research in pure scienoo with no specifio commercial application 

m view. 
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(d) Research apphed to pubhc service 

(c) Research for the purpose of establishing standard methods of 
testing and standard specifications connected with the purchase 
of raw materials 

Research laboratories in the States are attached to or supported by 
manufacturing corporations, associations of manufacturers, umversities and 
colleges, national institutions, commercial laboratories and scientific societies 

Apart from numerous endowments and appropriations made for research 
to various universities, colleges and Government departments, there are in 
the States a large number of funds that have been established for the endow¬ 
ment of scientific research alone Though a number of them aro for the 
promotion of industrial research, others were founded for providing the 
necossary funds for medical, astronomical and general research in other 
sciences In 1917 a National Research Council was appointed by the National 
Academy of Sciences at the request of the President of the United States 
This Council includes the most prominent research men in the StatoB and all 
departments of research are fully represented Its object, is to co-ordinate 
the scientific research work of the country in order to secure efficiency in the 
solution of the problems of war and poaoe, and this Council has rendered 
possible the nationalization of research in the country Seleotion and training 
of researoh men have also boon given special attention to, and it has been 
found that* whde full credit should be given to the gemus who can often achieve 
so much with very limited faoihties, it is a fallacy to assume that research 
work of groat value cannot be carried out by men of more than average attain¬ 
ments This is illustrated by the success achieved m many of the laboratories 
in the States, where, with suitable organization, important investigations 
both directly connected with industry and in pure scienoo have been successfully 
dealt with by men of no more than average ability working under competent 
direction’ 

Industry has rightly been styled as the basis of national prosperity, and 
it is, thoroforo, necessary that every resource should bo used to facilitate its 
progress In this connection research is of tho utmost importance and it 
must be regarded as an indispensable woapon with which to develop industries 
of any country and to cope with international competition 

The National Planning Committee which has been working in Bombay 
for the past several months is collecting detailed data m regard to industriali¬ 
zation of the country m all its aspects and other national problems, and it is 
hoped that its work would provo valuable m laying down the lines for future 
development in tbe country 

I have givon you a bird’s-eye view of the organization and development 
, of scientific researoh and studies in India up to the present 
< R«marks* da y. and °f the lines followed in Great Britain for the 
organization and development of scientific researoh, both 
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pure and applied, the latter with particular reference to the needs of industry 
and tht life of the people I have also incidentally referred to the development 
of similar machineries in Canada, Australia, New Zealand and South Africa, 
and, finally, to the highly organized system in the United States On the 
analogy of these great industrial countries, I give below tlio outlines of a 
scheme for developing a similar organization in India to plan and co-ordinate 
research saas to avoid wastage both of talent and funds, procludo duplication, 
employ the available scientific personnel to the best advantage, and, finally, 
to arrange for the training of a much larger number of research porsonnol to 
supply the needs of the developing industry 

Starting from the top I consider it absolutely essential that then' should 
bo a separate department of tho Central Government coi responding to the 
Department of Industrial and Scientific Research m Great Britain It should 
be staffed by scientists with administrative experience and not by civilian 
administrators, and this 1 consider to be the absolute sme-qua-non of the 
whole scheme Civilian administrators, though they are admirably Biutod to 
carry on the civil and mihtary side of tho Government, liavo unfortunately 
seldom realized the oxact needs of Science in the country, and as a result 
tho progress of Science in India has been materially slowed down, if not 
actually hindered Tho Department should liavo an Advisory Council, the 
National Research Council, constituted on tho luies of the Research Councils 
of other countries for planning and co-ordinating resoarch, to promote 
and develop not only scientific but industrial resoarch in tho country, and 
finally for devising ways and moans to make India independent, so far 
as possible, of foreign imports by a well-planned survey and development 
of its economic resources It is only then that it would be possiblo for 
this country to assume its right place among the industrially developed 
countries of the world With a view to harnessing Science in tho service of 
Industry, the proposed Department and its Advisory Council will also have 
to explore ways and means for extending tho existing machinery of scientilu 
education in tho country, from the school to the university stage, develop 
applied scientific training and research, and finally to see that resoarch, whothor 
m pure or applied sciences, is undertaken with a definite end in view and not 
only as a means for Belf-glorification. 

I have only given the broad outline of the scheme, as 1 am of tho opinion 
that its dotails can only be evolved after careful consideration of tho pros 
and cons by an expert committee on which all elements of science and industry 
in the oountry are fully represented Let us hope that this scheme will 
oommend itself to the Government and that steps will bo taken at a very 
early date to bring into being such an agency, this alone will enable the country 
to steer a safe course in the faoe of the Armageddon which ib now threatening 
the world. 
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n Indian Flora, its Medicinal and Toxic Properties 

I oomo now to the socond part of ray address For the past twenty years 
I have boon interested in the Indian flora in connection 
Poisonous Plants W1 ^ the medicinal and toxic properties of the different 
plants and I propose to presont to you some of the aspoots 
of this work which are of interest both from the scientific and economic 
points of view I have selected this subject as owing to the outbreak 
of the war, the question of the supply of modicinal drugs in this country 
has assumod considerable importance, and I feel that a review of this 
work may help at least towards a partial solution of this vital problem 
Further, the significance of the large numbers and wide prevalence of tho 
plants toxic to man, livestock and insects has not so far been fully appreciated 
in this country, and I hope that this review will stimulate interest m this 
direotion Vast as tho vogotablo resources of this country are, I am convinced 
that they are not being properly exploited to tho best advantage of the people 
of this land 

General considerations 

The extremo variability that India presents in its meteorological and 
climatic conditions as also m its topographical features is 
topography* perhaps unrivalled in the world The tremendous range 
of variation of tomporaturo from 126°F in summer at 
Jaoobabad to —4Q°F in winter at Dras and the prevalence of arctic conditions 
throughout the yoar m some of the Himalayan ranges, rainfall from 430 inches 
at Clierrapunji in the hills of Assam to less than 5 inches per annum in the 
desert areas of Rajputana, saturation of air with moisture m the coastal 
distnots and in tho hills during the south-west monsoon to ponods of practi¬ 
cally zero relative humidity in the dry weather during the north-east monsoon, 
are some of the interesting contrasts presented by the country No less striking 
are its physical foaturos It has the most massive and the loftiest range of 
mountains in the world, the Himalayas, there are also lower hills and platoaus, 
extensive rich alluvial plains, Bandy wastes and deserts, bill streams, mighty 
nvers with their extensive deltaic and estuarine systems, numerous lakes, 
canals, ponds, tanks and extensive marshy tracts, sandy or rocky coasts 
spread over an area of 1,575,107 square miles It has m fact been described 
as an epitome of almost all climates, seasons, and soils of the British Empire 
Under these conditions it is not surprising that India has one of the richest 
and oertainly the most varied flora of any area of similar size on the surface 
of the globe 

Roughly speaking, one-fifth of the Indian Empire is occupied by forests 
of different kinds. There are evergreen forests occupying 
IndUu^^egetjf west ooa8 ^ the P enin8u l a U P to tho ridges of the 
tloa western mountain chain, and the lower slopes of the Eastern 

Himalayas, with their magmfioent and majestio trees, 
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the ‘sky scrapers’, and the Carnatic evergreens characterized by the compara¬ 
tively smaller size of thoir trees A largo part of the Peninsula is eovored by 
the deciduous type of forests which are vory valuable to the country There 
are the dry forests of Rajputana and the Punjab which are also spread ovei 
a large area of Indian States, these become drier and dnei towauls the west 
and south-west and disappear into the deserts on both sides of the lower Indus, 
there being very little vegetation of any kind m the Croat Indian Desert itself 
Many tidal creeks and backwaterH along the coasts of India, chiefly the deltas 
of rivers, such as the Kundnbans are covered with another type ot evergreen 
forest, the tidal or littoial, where many plants send up from their undei ground 
roots a numbor of aerial roots for respiration Tho massive chain of the 
Himalayas with its tropical, temperate and alpine flora presents unique 
features The eastern Himalayan flora differs remarkably from the western 
in several rospocts in addition to the disappeaianco of tho tropical typo as 
the extreme north-west is leached It is m this chain that tho highest limit 
of vegetable life on earth has lieon recorded The tree limit in tho Western 
Himalayas corresponds roughly with the suow-lme, t e , 12,000 ft above 
sea level, above which a variety of beautifully coloured flowers floutish 
Aquatic or senu-uquatic types of vegetation are found in tho tanks, jhds, ponds, 
water-courses, and swamps all over India, particularly in Bengal Lastly, 
there are areas in the plains, as well as in the hills, especially in the formei, 
which have, through tho influence of man in search of more and more agricul¬ 
turally exploitable land, lost much of their original characters Another 
feature of the Indian vegetation is that in ono season of tho year vast areas 
in the plains of India are the scene of plenty for man and animals, in another 
they become a dreary brown sunburnt waste whore herbivores starve by 
the thousands and where it passes human understanding how any creature 
dependent on plant life can survive the dry season 

The Indian flora ih closely related to that of somo other countries, and it is 


Relationship to 
other floras 


interesting to remark that none of the families of flowering 
plants is peculiar to this country There is a very great 
preponderance of those genera and species which are also 


found in the adjacent countries Malayan, Burmese and Chinese genera are 


specially well represented in Eastern India Next in order cotne European 
and middle oast floras which are particularly strongly represented m Western 


India, and of the typically European elements there are twice as many in the 
Western as in the Eastern Himalayas Nearly 600 European genera are 
represented m India, many of them by a single species, and the middle eastern 


element is certainly, as is to be expected, no less prominent African, 
Australian and American elements follow these in decreasing proportions, 
the African flora being more noticeable in Western India Reoently there 
has been an influx of American species, with their remarkable tendency to 
spread Tibetan and Siberian floras only reach India in the alpine regions of 



34 


ANNUAL ADDRESS. 


tho Himalayas, whilo Chinese and Japanese elements are strongly represented 
in its tomporato bolts 

Medicinal Plants of India 

India abounds in all kinds of food plants, spices, porfumes, timber, hbres, 

. gums, etc , which have been known all over the world from 
(icncrul 

aiu lent times There aie mme than about 700 important 
fodder plants including about 200 species of valuable fodder grasses It is not 
surprising, therefore, that plants containing a< tive and medicinal principles also 
grow abundantly within its bounds More than 2,000 plants, out of n total of 
aboul J 1,000 Hpocios found in India, aro alleged to have medicinal properties 
of some descuption or other and have been enumerated in tho literature of 
indigenous medicine Neatly three-fourths of the drugs mentioned in the 
British and other Pharmacopoeias grow here in a stato of nature and others 
can be* easily grown Indeed, this country is a veritable emporium ot dings 
The families to which tho larger numliers of medicinal plants belong nio 
Loguniiivosao, Compositae, Labiatoo, Euphorbiaeoae, Rubiacuoc, Rosacoae, 
(haiinnoao, Lihaeeae, Rutaceoe, Ranuneulaceac, Umbolhfcrac, Oucurbitaccac, 
Solanaeeao, Apocynaceao and Malvaee.io 

It stands to reason that all thoso 2,000 odd plants cannot have the 
wonderful virtuos attributed to them, but it is bohovod that there are some 
of these which might rightly deserve tho reputation they havo earned as cures 
It was to find out what the so woro that their study was first begun in the 
early pait of the last century Although many workers including Jones, 
Ainsho, Roxburgh, O’Shaughnessy, Moodeen Sheriff, Dymock, Watt, Kirtikar 
and Basu and others carried out laborious investigations, tho pharmacology 
of most of tho indigenous remedies remained an unoxplorcd field till recent 
ye.irs 

Modicino is intimately related to chemistry and experimental work on the 
pharmacological sido can only bo earned out in laboratories properly equipped 
with modem appliances None of thoso woro available in this country till 
tho Calcutta School of Tropical Medicine was established in 1921 Thon 
foi tho first time projior collaboration between chemists, botanists and 
pharmacologists was rendered possiblo, whilo arrangements for clinical trials 
of tho cli ugs were made by the establishment of the Carmichael Hospital for 
Tropical Diseases Work on mod icmal plants was thus started by my colleagues 
and myself and our first main objective was to make India self-supporting by 
enabling her to utilize drugs produced in the country and by manufacturing 
thorn m a form suitable for administration Thore aro a number of drugs 
of established therapeutic valuo which are in use in tho pharmacopoeias of 
different countries Tho majority of these grow wild m great profusion m 
many parts of India and a certain number are evon cultivated If these 
resources could be utilized and the finished products manufactured, treatment 
of many diseases could be brought within the means of the Indian masses 
whoso economic condition is unfortunately of a very low order 
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A number of important drugs, extensively used by the medical piofossion, 
however, aro neither found wild nor liavo so fur taxm niltivated m India 
Cultivation of such drugs is very important fiom an economic point of view, 
and scientific rosoareh in this diroction, as is being carried out in other 
countries, would bo vory fruitful It is a muttci of regret that India is still 
importing large quantities of crude drugs m spite of the fact that practically 
ovory coucoivablo pharmacopoeia! drug can bo grown within her bounds The 
history of the cultivation of cinchona, eucalyptus, digitalis, ote m India c Ivurly 
shows that the cultivation of medicinal plants is pregnant with ik h possibilities 
if taken up on projier lines Tt is gratifying to note that more and mom 
interest is now being taken m this diioction A list of medic Dial plants which 
might with advantage lie cultivated has been prepaid! and is available foi 
those interested in such development 

Our second objective has been to discover remedies fiom the claims ot 
Aymvodie, Tibbi and other indigenous resources smt.ilile 
Remedies used f or employment l»y exponents of Wostern medicine Since 
Medicine ^ en ° U8 ^ 10 P° no( l of doc ay and resuscitation of old systems of 
Indian medicine, many of the oflectivo remedies have I icon 
lost while a number of uncoitain onos have crept in Ik lief in thoireflicacy 
originates in somo eases from the teachings of tho nnc lent commentators and is 
b.isecl on clinical data, but m others has no foundation whatovc i Noarly two 
hundred medicinal plants have ixxm investigated in our laboratoiles and some 
of these have been shown to Ixi of prac tic al utility Ajiart from this, the nega¬ 
tive value of such investigations should not bo lost sight of Wlmtovoi the 
morits or domerits of tho indigenous systems may bo, it should bo lomombored 
that they mmistor to tho needs of nearly SO por cent of the ]M)pulution of this 
vast country It is, therefore, tho ptunary duty of any reso.ue.li org.uu/ation 
existing in this country to evaluate their eftectiveneHS and prac tical utility 
A few words may be said hero with regard to the time of collection of 

drugs During tho last twonty-hvo years several drugs of 
Collection of r , b , , , i, 

drugs Indian origin have assumed considerable importance 

from the point of view of foreign trade Many firms of 
drug manufacturers in this country also use tho locally produced raw materials 
for the manufacture of the finished products It is a matter of voiy great 
concern, therefore, that the crude drugs collected locally aro often not up to 
tho required standard and this has resulted in considerable oconormc loss 
Fortunatoly, this stato of affairs is being gradually rectified but I cannot lot 
this opportunity pass without reiterating that collection of drugs is not so 
simple a matter as most ponplo seem to imagine (Collectors of medicinal 
drugs growing in a state of nature, and tho presont and prospective cultivators 
should boar in mind that there aro certain factors which have to bo considered 
in ordor to obtain the standard product Thero is a good deal of variation 


Collection of 
drugs 


m the active principles m the different parts of a plant and in different season^ 
in the same part of the plant Even the same part and at the same time of 



36 


ANNUAL ADDRESS 


the year shows remarkablo variations in the contents of its active principles, 
for example, the young and tho old loaves of a plant and unopened and opened 
flowers differ materially despite the fact that they are collected from tho same 
plant and during the same season The soil also has an important influence 
on the active principles of plants I have often observed in the < ourse of my 
work that plants collected at the proper time, when tho activo principles have 
reached maturity and uro at their maximum, givo very effective results while 
the same plants when collected under other conditions are utterly usoIobs 
Conditions for the collection of drugs in the case of plants under cultivation 
are more favourable and strict control over various factors can bo oxorcised 
with greater ease than is tho case with plants growing in a state of nature 
It has, howovor, to be admitted that ideal conditions for tho collection of even 
many of the common and important medicinal plants arc not known with 
precision, and research is urgently needed to determine the time when the 
activo principles are at their maximum under the environments existing in 
this country, as was done by the Dutch in Java in the case of cinchona If 
this (ould be systematically carried out, India could supply the whole of the 
world with medicinal'herbs’ 


Pomonons Plant# 

intimately connected with the study of medicinal plants is the problem 
of poisonous plants, but till recently little attention has 
slderation ^nd ' tKH,n l )au * to ^ 1H study m this country They contain 
loss to India chemical constituents which, if introduced into the body 

of an animal m relatively small quantities, act deletenously 
and may cause serious impairment of bodily functions or ovon death They 
injure the basic livo principle, the protoplasm, of tho cells of which the animal 
body is built up They are ordinarily called poisonous plants, and apart 
from the utilization of their potent properties in the treatment of diseases to 
alleviate the sufferings of man and animals, there appears to be no doubt that 
thoy are a source of great menaco in India through poisoning of livestock. 

We are concerned in this country with the welfare of 360 millions of 
human beings, as well as with that of roughly 220 millions 
of tho bovine population out of a total of about 730 millions 
in the whole world Even m its present unsatisfactory 
condition, the cattle industry contributes roughly about 10,000 million rupees 
to the annual agricultural income of 20,000 million rupees of this vast country. 
The importance of plants which are poisonous to livestock will thus be readily 
understood It is a matter of regret that no systematic attempt has been 
made in India so far to investigate these plants on scientific lines with a view 
to devising means whereby this menace could be controlled It is also un¬ 
fortunate that no figures are available of the loss suffered by India throu gh 
poisoning of livestock by this agency, but it may be interesting here to give 
the example of two States, Montana and Colorado in the United States of 


Poisoning of 
livestock 
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America, which may give us some idea of the possible damage In that area 
it has been estimated that the loss inflicted to the livestock industry by plant 
poisoning is in the neighbourhood of 220 million dollars annually This is a 
very high figure considering that the size and extent of these States as com¬ 
pared with India is loss than one-sixth, and also considormg the fact that the 
knowledge regarding the poisonous plants there is well advanced and preventive 
measures aro practised The conditions existing m India can bo readily 
imagined. 

With a view to (ombatmg this menace, and as a natural corollary to the 
study of medicinal plants, the study of poisonous plants 

Study of f i n{ j ia been undertaken at the School of Tropical 

Poisonous Plants 1 

Medicine during recent years This work has brought out 

some outstanding features of the problem which had not been hitherto 
appreciated in India About 700 poisonous species belonging to over 90 
famdies of flowering plants are known The more important cf these in 
their order of importance are Rammculaceae, Euphorbiaceao, Legummosao, 
Solanaceae, Compositae, Apocynaceae, Asclepiadaceae, Ericaceae, Liliaceae, 
Giamineae, Araceae, Anacardiaceae, Thy mein eaccac, Rosaceae and Rubiaceae 
As in tho case of medicinal plants, it does not mean that other families do 
not contain important poisonous plants In tact theie aro several other 
families which have a few of the very potent sjjecies belonging to this group 
Tho above list of the important families merely indicates that they contain 
the largest number of poisonous plants, so far as is known at present, with a 
further likelihood of containing plants with potent principles which are at 
present unknown 

In the case of the majority of plants, poisonous properties aro only 
suspected but have not been substantiated by chemical analyses and phar¬ 
macological experimentation This is now being done, so far as possible, 
preliminary chemical examinations of a large number of plants have been 
made and a monograph on the subject is now in press A thorough and 
comprehensive study of all these plants, however, would mean sustained work 
for many years and perhaps for several generations In the present work 
we are getting together all tho information, botanical, chemical and pharma¬ 
cological, with detailed references to the literature This monograph, when 
completed, should serve as a basis for further work on these plants, the 
importance of which from an economic point of view cannot be overrated 
Increased knowledge with regard to their distribution and the nature of 
aotive principles responsible for poisoning is the first step towards controlling 
this problem by taking preventive measures 

Another aspect of these plants which will repay study concerns those 


Insecticidal and 
Insect repellent 
plants 


which have insecticidal and insect repellent properties. 
Losses inflicted upon India by insects are enormous and 
at a moderate estimate are calculated at 2,000 million 
rupees annually and over a million and a half of human 
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lives Effective defence against these enemies of social and economic progress 
should materially reduce this enormous wastage and facilitate national 
development The finding of cheap insecticides for the diverse needs of 
agriculture, destruction of household pests, prevention of vectors of suoh 
diseases as malaria and many others borne by insects, commensurate with 
the limited means of the great masses in India, are important problems to which 
little attention has been paid till recently Vegetable insecticides are prefer¬ 
able to minoral ones, as those are Iohs deleterious to man and other warm¬ 
blooded animals generally, and as they are also loss harmful from the point 
of view of agriculture Lists of the possible insecticidal and insect repellent 
plants growing in India, and of reputed fish poisons some of which may also 
act as insecticides have been prepared 

Herbarium of Medicinal and Poisonous Plants 

One of the chief difficulties in connection with our work on medicinal 
and poisonous plants has been the proper identification of the material to be 
investigated The descriptions of plants given in the literature on indigonous 
medicine are meagro and vague and this has resulted in considerable confusion 
Many drugs are sold under different names, different drugs undei the same 
namo, and even the learned Kavirajs and Hakims cannot say with certainty 
which specios are meant in the old text-books No authentic specimens of 
even the well-known remedies were evor collected and preserved by the 
exponents of indigenous medicine and no actual comparison is possible Even 
with tho great advances in systematic botany, expert botanical identification 
is not infallible and the botanists also sometimes prefer to disagree 
Publications of recent botanical monographs show, how with tho advance of 
knowledge our conception of species has varied Descriptions alone are not 
always sufficient for settling disputed questions and recourse to actual specimens 
is often absolutely necessary It is very important, therefore, to preserve 
specimens of all plants submitted for investigation, so that these may be 
available for reference in case any doubt as to their identity arises at a later 
date Some of the chemical and pharmacological work done on these plants 
has been vitiated by carelessness m identification With a view to combating 
this state of affairs it was considered dosirable to collect authentic specimens 
of all the plants with alleged medioinal or toxic properties and after proper 
identification proserve them for the purpose of comparison This work has 
progressed and it has been possible to collect 6,000 specimen sheets of about 
1,600 species About 900 species have yet to bo obtained to complete the 
collection of all the known medicinal and poisonous plants growing m India 
As most of the more easily available plants have been obtained, the collection 
of the remainder is becoming more and more difficult but the work is being 
continued When this is accomplished, this collection will be the first of its 
kind in India, and should be an asset both from the scientific and economio 
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points of view The present collection will, it is hoped, form the nuclous tor 
a national herbarium of medicinal and poisonous plants 

A question of great economic importance is the working out of the 
distribution of medicinal and poisonous plants in this 
Survey of country The distribution of many plants ns desunbod 
Poisonous Plants in * ltera ^ ure 18 ‘"ton vague and inaccuracies, which have 
in India crept in, have been passed down from one publication to 

another To this may bo added the fact that plants which 
were found in a particular locality some years ago often do not occur thoro 
at the present day The influence of man in cliangmg forests into agricultmal 
lands and sometimes again abandoning them to the care of naturo, togethei 
with the competition of plants amongst themselves is matenally rosjxmHiblo 
for the change in the floras of various areas For this reason wo staited tile 
stock-taking of the present distribution of medicinal and poisonous plants to 
work out, as exactly as jaissible, the present areas of their distribution All 
the available literature ih being consulted and herbaria all over India aro 
being scrutinized Personal visits are being paid to different paits of India to 
determine the areas of abundance of theso plants growing in a state of nature 
The work under this head is very extensive when it is rememberod that 
it deals with about one-fifth of the total numbet of plants found in India, hilt 
this is the only way of estimating with any degree of accuracy whether a ecu tain 
plant grow’s well and in abundance or is scarce m a certain area Valuablo 
information is thus being collected, and this will be of practical value to thoso 
interested m harnessing the natural resources of tlio country This will also 
give indications of suitable localities for the cultivation of medicinal plants 
From the point of view of poisonous plants also, this survey ih of great 
practical value, as once the occurrence of the harmful herbage in grasslands 
and other localities open to grazing for livestock aro mapped, it should bo 
possible to adopt measures for the protection of livestock against tho menace 
of poisoning 

Correlation of botanical classification of plants, their chemical constitution 
and their physiological properties 

With the advance of knowledge of tho chemistry and pharmacology of 
plants, it appoars to be certain that some correlation 
nd*new *c"ass!* exwl ' H ^ et,ween botanical classification of plants, their 
flcation chemical constitution and physiological properties, and 

one is frequently struck with the remarkable resemblance 
exhibited by closely allied plants in this respect For example, if a particular 
chemical constituent is found m one member of the genus, there is considerable 
likelihood of the presence of constituents with identical or similar physiological 
properties in other members of the genus or of the family This does uot, of 
course, mean that such similarity will not be found in other families or genera 
just as particular taxonomic characters may be spread over widely different 
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families and genera An ideal classification of plants would be the one whioh 
in addition to satisfying botanical criteria broadly provides an index to the 
nature of their chemical constituents and physiological properties With 
our oxistmg knowledge this is not possible The very fact that some of the 
families and genera, as at present understood, are quite homogeneous in these 
respects, however, refleots a ray of hope that after all the problem is not so 
difficult as it appears at first sight Considerable work on the chemistry of 
plants and tho determination of the physiological properties of their active 
principles, howevor, will have to be earned out and thousands of new 
plants will have to be investigated before this is attained, or the attempt 
givon up as hopeless This should not, however, be understood to imply 
that I suggest that advances w the knowledge of chemistry and pharmacology 
should determine the botanical classification ol plants This is not possible, 
as such features cannot possibly serve as taxonomic characters But I do 
hope that botanists, chemists and pharmacologists will collaborate in evolving 
a natural system of classification based on their combined efforts 

A brief review of the distribution of the more important and potent 
chemical constituents of the Indian flowering plants of 
Constituents widely different families and genera presents certain very 
interesting features The alkaloids are distributed over 
about 40 families and thore are a number of cases where the samo alkaloid is 
found in closely allied gonera and families Thus, berbonne has boen recorded 
from six different families and twelve genera Ephedrine, on the other hand, 
furnishes an oxamplo wherein a particular alkaloid may be found m plants 
belonging to widely different groups, it has been found in Stda cordxfolxa Linn 
of Malvaoeoe (a family belonging to Angiospermae) and m Ephedra of Gnetaceae 
(a family belonging to Gymnospormae) Purines are found m three fanulies 
Tho glucosidos form a large group and aro much wider in occurrence than the 
alkaloids, occurring both in Diootyledons and Monocotyledons; some of these 
aro very toxio and occur in eight widely different families Hydrocyanic acid 
vieldmg plants belong to ten families A group of glucosidos known as 
sapomns is of very wide occurrence in the vegetable kingdom, sapomna are 
known from at least 400 plants belonging to 50 different families ocoumng 
almost all over the world Essential oils are of wide ocourrenoe in the vegetable 
kingdom though oertain families, such as Labiatae, Rutaoeae, Umbelliferae, 
Myrtaceae, Lauraceae, Cruoiferae and Coniferae are especially noh in these 
substanoes. The seeds of numerous plants contain albumins, but it is interesting 
to note certain plants, such as Abrus precatorius Linn and Runnxu communis 
Linn belonging to very different families (Legummosae and Euphorbiaceae 
respectively) wherein the toxicity of these albumins is of a similar nature, both 
being essentially blood-poisons, and both similar m their immunity reactions 
if introduced into the body of animals in small and gradually increasing doses. 

I do not propose to go into further details of several other ohemical 
constituents, nor even of such toxio complexes as resins, phenoho oom- 
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pounds, ete The few examples cited provide sufficient evidence in suppoit of 
the now well-established theory of organic ovolution T repeat that there is 
a method in their occurrence, m seveial cases it is due to thru descent from 
common ancestors while m otliors it is a result of pai allol ovolution The 
facts described above cannot be explained on a 113 ’ other basis 

I will now cito a few examples of somo families and genera to show the 
marked resemblances between then botanical, chemical 
^correlation* * in, l pharmacological aspects Unless definitely piovcd ns 
harmloss it is advisable, for instance, to ic guid all memlx rs 
of Haminciilaceae as potentially poisonous, especially when fresh, both 
for human beings and hvostock Poisonous, act id, vesicant purgative) and 
narcotic properties prevail in varying elegies* throughout the family S|xm 10 s 
of Anemone, CaUhn, Clematis and Ranunculus contain tho lactone .memourn 
which has blistering properties Most of the* Aconites contain highly poisonous 
alkaloids which act mainly on the sensory nerves and on tho medulla which 
they depress and ultimately paralyse Species of Delphinium an used for the 
destruction of vermin and coutiun toxic alkaloids, somo of which appear to 
act like aconitine, whilo others paralyse) tho mot 01 nerves Alkaloids aio 
also known to occur m tho gonna Coptis, Helh barns, Nig< lla, fsopyrum and 
Paeoma Adonis and Helleborus c ontam glue nsules with a digitalis-like action 
Saponins are found m the geneni Clematis, Ranunculus, Nu/ella and Cimtcifugri 
Cyanogenetie compounds havo boon repot tc*d lioni some of tlu* membeis of 
tho family and tho Indian representatives from which these principles havo 
been reported belong to tho genera Clematis, Aquihgta, Isopyrum and 
Ranunculus Seeds of Annona of Annonnc oao havo insoctic idu I piopei tics and 
are powerful irritants of the conjunctiva Several species of Jirrbens contain 
active principles poisonous to fishes and dogs Many species of Pajuner havo 
a juioo with narcotic properties and contain powerful alkaloids iMarcotic 
properties are also possessed by some other members of the* family Pupaveraceae, 
e g , Meconopsis Most Crucifers havo pungent juices and many havo glucosidos 
in their seeds and produce very irritant, essential oils, they possess stimulant 
properties Several plants of Caryophyllac,eao contain saixmins Tho family 
Rutaeeae is characterized hy the presence of essential oils some of which aio 
toxic Many plants belonging to Sapmdaecae have Hapomns and u number of 
them are well known as fish poisons Anacardiaceae aro usually provided with 
more or less acrid resinous, sometimes milky juices, very many species of 
this family possess astringent proportion Plants of no less than twenty-seven 
genera of Legummosae possess insecticidal or piscicidal projxirties The 
poisonous properties of Rosaceao are generally due to tho presence of cyano- 
genotio compounds The presence of powerful bitter and purgative principles 
is the prevailing characteristic of tho wild members of (\ 1 cu 1 b 1 taoeao 
Aromatic members of Umbelhferae are usually carminative, while the non- 
aromatic members are often acrid and narcotic and should be taken with care. 
Alkaloids with similar physiological properties are the outstanding constituents 
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of tho gonus Omchom Lobolias belonging to Campaaulaceae yield an 
mtenHcly acrid milky juice and tho dust of tho powderod herbs irritates tho 
nostrils in the sumo way us tobacco, they contain alkaloids Rhododendrons 
mask, undot tho boauty of their flowers, very fatal active principles and tho 
family Ericaceae to which thoy belong contains several insecticidal plants, 
tho toxic substance andromodotoxin is very common m this family 
Apocynacoao includes several plants which aro highly poisonous, tho properties 
ol most of thorn being duo to glucosules with a digitalis-like action and 
physiologically activo alkaloids Many species of Asclepiudacoae contain 
acrid, luttor and poisonous juices The gonns Strychnos is rich in alkaloids 
which are violont tetanic poisons Many specios of Oonvolvulaceao liuvo an 
acrid tusto and contain ac tivo purgativo print iplcs Mydriatic alkaloids such as 
atropine, hyoacino and hyoscyumino aro found in soveral sjiocies of Solanaccao 
wlulo tho glucosidal alkaloid solamn is found in many Solanums and some 
other genera as well, a very largo number of wild plants of this family arc 
poisonous Labiatao is vory uniform in tho possession of essential oils, several 
of which aro of medicinal vuluo as carminatives and stimulants Toxic resins 
aro roportod from a number of spocioa belonging to Thymclacacoao and animals 
avoid eating them Soveral sjiecios of Euphorbiuceue contain more or loss 
acrid and irritant jmcos and several species of Crotons contain highly irritant 
toxalbumiiiH and aro drastic puigutivos Urticating principles aro found in 
foui Indian genera of Urticacoae Tho alkaloids ephodrme and pscudo- 
ephedrino are found in a number of Ephedras Coniferae are c huractomed 
by containing essential oils which pioduce gastio-mtostinal lrutation and 
somotimos ulceration Soveral species of Dioscorouccao contain an acrid jmeo 
in thoir tubers and some are even poisonous Quito a number of species of 
Araeeae contain rajihides of calcium oxalate and acrid juices, a number of theso 
plants, if eaton, especially whon in fresh condition, produce symptoms of 
irritant poisoning Somo of tho Granuncao, especially when young, wilted 
or under drought conditions produce hydroovamc acid and aro fatal to 
hvostock, no alkaloid has so far been isolated from members of this family 
Many more oxamplos could be cited, but tho brief review of the relationship 
which seems to exist betwoen the botanical classification and tho chemical 
and physiological characteristics of medicinal and poisonous plants should 
provo sufficient to show that m many of the families and genera these charac¬ 
teristics show a marked degree of correlation I do hope that further work 
will produoo increasing evidence of this relationship The botanical characters, 
choimoal constituents and properties exhibited by plants are all tho results of 
organio evolution and a natural classification must embrace all these threo 
aspects There is, however, an element of disturbance in the case of plants 
Climate, seasons, soil, cultivation, etc , have profoundly affected their chemical 
composition and hence their physiological characteristics, and it is for this 
reason also that closely related plants differ m their pharmacological 
properties 
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Conclusion 

The above brief review of our work on tho medicinal anil poisonous plants, 
the difficulties encountered and paitully overtome, nnd indications in regard 
to their utilitaiiivn and scientific aspects, will, I hope, stimulate intci cat in 
this subjoit which is of considerable economic impel tarn e to tho tountiy, 
particularly at tho present juniture Collaboration between lxit,mists, 
chemists, pharmacologists and agncultuimts in work of the typo indicated in 
a country such as India, with all extremes of metcorologual, climatic and 
topographi(<il fcatuios resulting in veiy vancd and luxurunt tloias of all 
types is pregnant with possibilities which should not only lie of very great 
scientific and academic interest but also prove of gicat practical importance 
to the country from the economic point of view 
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Ever since Hoisonbeig (1932) showed tluit tho nucleus oi tho atom ih 
to bo regarded its composed of two fundamental paiticlos, vu , tho pioton 
and tho neutron, many investigations from the theoietnal point of view 
liavo boon carried out regarding tho stun turn, stability and reactivity of 
nuclei In tlio moantuno, thoio have boon laigo additions to tho known 
numbai of nuclei by (1) tho discovery of newer and rarer stablo lsotopos, 
tind (2) tho discovoiy of now unstable varieties of isotopes produced by 
bombardment of known nuclei by moans of <x*pai tides, doutorons, protons, 
neutrons and to a slight extent by photons Tho recent discovery of fission 
of uramum and thorium by neutrons has led to tho discovery of a number of 
/3“-activo nuclei which probably could not luwo been prochued by any 
other existing method 

The onormous increase in oui knowledge) of nuc loar phenomena within tho 
last eight years has tendered it almost impossible for tho axorago phyHioist 
to form a comprehensive picturo ol tho present situation, much less than 
keep in living touch with progressing knowledge 

In this paper, an attoinpt has boon made to present tho existing 
knowledge of tho known nuclei, stablo, as well as ladioactive, in tho form of 
a chart No attoinpt has boon made to give any thooietical discussion on 
stability in this paper, but rules and regulaiitios which are obvious havo boon 
duly noted and recorded Probably wo are justified, at this stage, in adopting 
this attitudo in view of the following significant roniaik we came across in 
Gamow's'Structure of Atomic Nuclei’ (1938) 

‘One may hope that furthor investigations along those lines will add 
considerably to our understanding of more dotailod problems of structure 
Muoh has already boen done with rather overlapping results by Bartlett, 
Gapon, Ivanenko, Elsasser, Guggenheimor and othors, it is not refened to 
in detail hore booauso the author was nover able in studying tlieso articles to 
remember the beginning when lie was reading the end * 


We denote by 

P 

n 


Symbols used 
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tho proton, 
the neutron, 
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Z the nucloar charge, 

N tho number of noutrons, 

A the mass-numbor, so that A = Z+N 

I = N—Z a* A—2Z has been callod the ‘ Isotope-number ’ by Bethe and 
Bacher (1936) 

According to this notation 

p z n z+I or p 7 ' n N denotes a nucleus composod of Z protons 
and N neutrons Thus ggSr 87 is p 88 n 38+11 , t e strontium 87 would be iound 
in the isotope line I = 11 of our chart 

In this connection, a comparison may bo mado betwoon tho chart givon 
here and the other charts so far in use Papors oarhor than 1931 wore written 
on the supposition that tho nucleus was composod of protons and oloctions 
Nevertheless, many of the conclusions and regularities noted m earlier papers 
are very valuable, and havo boon utilized by subsequent workers 

(1) W D Harkins (1928) plotted an (I/Z)-curvo in fig 14, p 113, 
and nuclei were classified into a fow groups 

(2) Barton (1930) plots an (N/Z)-diagram up to Z = 61, and notos a few 
regularities 

(3) W D Harkins (1931) plots an (N/Z)-diagram (fig 1) and a number 
of (I/Z)-diagrams (figs 2, 3, 4, 6) and au (N/P)/Z-diagram 

(4) Hoisonborg (1932) first took tho view that tho nucleus is composod of 
neutrons and protons He discussed nuclear stability by plotting (N/Z)/Z- 
diagrams 

(6) Gainow (1934) utilized (N/Z)/Z-diagrams for a discussion on nuclear 
stability and a- and jS-omissions 

(6) Guggeuhonnor (1934) plottod an (N/Z)-diagram and classified nuclei 
into groups 

(7) Bethe and Bachor (1936) givo on p 97 an I/A-diagram on a small 
soale, comprising only stable nuclei No isotopic linos (Z-lines) havo been 
drawn, but somo regularities regarding the stability of nuclei havo been 
pointed out 

Nono of tho above workers included f} + ~ -omitting nucloi in their diagrams 

(8) Hovesy and Levi (1936-37) have given a number of (I/Z)-diagrams of 
stable and radioactive isotopes 

(9) H Brown (1938) has plotted an (I/Z)-diagram for finding out the 
range of occurrence of stable isotopes 

(10) Gregoire (1938a) has an (A/Z)-diagram foi presenting the totality 
of our knowledge of nuclei, stable as well as radioaotive (Tho same diagram 
has been drawn more elaborately m 'Physique Nucleate’ of Tabelles AnnueUes 
de Constant et Donnei’s Numenques No 26, 1938) Here the radioactive 
nuolei have been drawn in different colours, and percentages of isotopes have 
been indicated 



STRUCTURE OP ATOMIC NUCLEI 


47 


(11) In thoir paper on ‘ Mechanism of Nucloar Fission \ Bohr and Wheeler 
(1939) published an (I/A)-diftgiam (Fig 8, p 445) tor illustrating ‘Nuclear 
Fission’ This paper came to our notice after our work was almost over 
This figure contains only stable nut lei and is identical in principle with ours, 
but it has been drawn for a limitod iango, and for illustrating the successive 
/T-omission products of fission of the uranium nucleus 


Explanation of the chart 

The abscissa represents mass-number A, the ordinate represents I, the 
isotope number The parallel lines at 45°, to bo honcolorward called the 
Z-lmos, represent atomic number ‘Z’ Thus all isotopes of element ‘Z’ 
are io be found on the same 'Z ’-line Each isotope is rcpi-escnted by a ciu lo 
Solid cirdos roprosent ‘Stable’ nuclei Hollow circles with an airow pointing 
up, , represent j8 + -emitting (positron) nueloi, when t ho ai row points down, Q , 
they indicate /9~-emitting (electron) nuclei Circles with arrows pointing 
both up and down, (^), like 2 aCu 04 indicate that tho nudoi are both fl + and 
/T-aotivo The percentage occurrence of any iiudous is given by tho number 
on the top For isotopes having small abundance, the actual percentage 
is given to the nearest fraction The half lives of /1-part k le-onutting pioducts 
are mdicated Tho following abbreviations have been usod for indicating the 
half livos 

s seconds, 

m minutes, 

h hours, 

d days, 

mo months, 

y years 

The nuclei represented by ^ denote those obtaimd by fission of U 
or Th 

The reader may now rofer to the symbolic diagram on tho left of Chart 
1 The N W -pointing arrow terminating in p denotes a proton-emission, 
an arrow in the opposite direction (S E , not shown in fig ) denotes a proton- 
capture 

Similarly, the S W -pointing arrow ending in n denotes neutron-omission, 
and an arrow m the opposite direction (N E , not show n in fig ) would donote 
a neutron-capture 

The west-pomting double-arrow terminating m a denotes an a-particle- 
emismon 

Thus we can follow the reaction 

B 10 +H 1 s= CJii-j-Av, = B“ 
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m the ohart by putting our finger on B 10 , and going diagonally downwards 
(S E) we roach C 11 , and we find that C 11 will emit a positron, and going 
vertically upwards we roach the stablo nucleus B 11 

‘Neutron-capture’ takes a nucleus a step higher along tho Z-hne 
Thus 

Bo°+ni « Be 10 +Ar (?) 

Boi°-*jT = Bio 

Wo can follow this reaction easily in the chart Let us take a reaction in 
which a nucloar particle is omitted, e g , 

Ca 42 ++H 1 
K 42 ->/T = Ca 42 

We put our finger on Ca 42 —a neutron bombardment ol ('a 42 followed by capture 
takes us to Ca 48 * along the Z-line, * denoting that it is an intermediate nucleus, 
of extremely short lito, breaking up into K 42 and H 1 K 48 is obtainod by 
going diagonally up in tho p-diroction Tho chart shows that K 42 is /3~-active 
and changes to Ca 42 

Devieron-bombardment 

Deuteron bombardment followed by captuie will take a nucleus along 
the I-lino (horizontal or East) to the next nucleus, and tho chui t tolls us what 
reactions are to bo oxpeoted Thus 

Si 80 + H 2 ->P82* = Sl 81 -f H 1 

We put our finger on Si 80 , capture of H 2 takes us to P 82 * intermediate, winch 
breaks up into Si 81 and H 1 The chart shows that Si 81 onnts a /3~-particlo 
and gives us P 81 Thus starting from Si 81 one goes vertically one step down¬ 
wards and roachos P 81 Tho reaction P 82 -*^ - = S 82 is also possible, but its 
probability soorns to bo negligibly small 

x-ray bombardment. 

«-ray bombardmont followod by capturo will take a nucleus along the 
I-line two steps to tho right, and mce-verea, if in a reaction, an a-ray is emitted, 
the nucleus will have to be taken two stops to the left along the same I-line 
Thus 

N 14 fHe 4 ->Fi 8 * = 017+Hi, or = (P 8 

Thus we see that N 14 on captunng He 4 will form an intermediate nucleus F 18 *, 
whioh oan either break up mto O 17 and H 1 , or emit a /^-particle, and pass 
on to O 18 The former prooess is, however, much more probable and is observed 
usually. 
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For illustrating the use of tho chart, we take sulphur, Z = 10 A glance 
at the Z-line 16 slums that sulphur has the following isotopes 


S 31 &2 

S 88 

SS4 

SS5 

S 88 

iS 37 

+ 96 

2G»/(?) 

7 

4 

88d 

02 

6m 


S 81 is j8 + -active, with halt life of 2Cm 1 indicates that the estimate in 
doubtiul N 85 , S 37 are /T-active, with half lives 88 days and 6 min 
rospoctively N 32 , S 33 , fc> 34 , S 38 are stable isotopes occurring in the pioportion 
96 7 4 02 

Tho symbol ^ indicates that tho nucleus p z n z+1 does not actually emit 
a positron, but captures a K-election, and passes on vertically up to the 
nucleus p /l_l n z_1 fl ' rl 

A glance at tho chart at onto shows its usefulness It not only comprises 
all our present knowledge about isotopes, stable as well as radioactive, but, as 
will bo shown presently, indicates definite rules for stability and for oloctron- 
and positron-emission Further, it suggests new nuclear processes and prodic ts 
new stable isoto]>es, not yet discovered For purposes ol clarity, a numlior 
of I-linos at intervals of ‘6’ have boon dinwn These have no social 
significance 

Rules for Stability 

For diHc ussing this point, w e ha ve taken each hoi i/ontal row, corresponding 
to definite* values of ‘I’ 

It we take 1 = 0, wo find that tho nuclei aio stable from Z = 1, H*, to 
Z = 8, O 16 After that, tho muleus is stablo for even values ol Z, and jff + -ac tivo 
for odd values of Z Tho gioup stopR with Sc 42 , which is j8 + -activo 

(Rule 1). 

Wlion I is oven and > 2, wo got alternation of stable and jS-active 
nuclei Stable nuclei are obtained foi even valuos of Z and /l-active nuclei 
aro obtained for odd valuos of Z This rulo is partly foreshadowed m a remark 
by Betho and Bather (1936, p 104) and has been discussed in detail in §10, 

p. 100 

IUuslration 

Let us take 1 = 4 We get the following — 


16 

17 

18 

19 

20 

21 

22 

23 

S 88 

Cl» 

,\ 4 ° 

K 42 

Ca 44 

Sc 46 

Ti 4 ® 

V60 

stable 

- 

stable 

- 

stable 

- 

stablo 

+ 

: 24 

26 

26 

27 

28 

29 

30 

31 

Cr®* 

Mn 54 

Fe® 8 

Co®® 

Ni®° 

('u 82 

Ni 84 

Ga 88 

stable 

+ - 

stablo 

+ ? 

stable 

+ 

stable 

+ 
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We observe that after approximately the middle of the series is passed, 
the nuclei to tho right with odd Z bocome /3 + -active This rule is found to be 
obeyed right up to I = 40, after which we ontor the region of natural radio¬ 
activity, where also up to I = 64, tho rule is generally obeyed with a few 
exceptions (noted later) 

For 1 = 2, we observe that tho first stablo nucleus is Z = 8, O 18 , after 
which the rulo of alternation holds all right Before Z = 8, we havo a 
number of /?"'-omitting nucloi from Z = 1 to Z = 7 It is quite possiblo 
that in the other groups also, e g for the group I = 4, we may have a numbor 
of /T-activo olomonts before* S 30 , but spocial reactions will have to be devised 
to obtain thorn 

(Rule 2). I is odd 

In theso groups, wo first find /T-aetivo nucloi, and then arrive at a number 
of succeeding stable nuclei Theso aie followod by j8 + -aotivo nuclei The 
numbor of succooding stable nuclei has been found sometimes as small as 3, 
somotnnes as largo as 13, usually tho nucleus in tho midst of the stable group 
appoars to be the most stable, though there appear to lie exceptions 

Illustration 

Let us take 1 = 5 A glance at the chart shows that ho havo 


1 = 6, Z = 16 

17 

18 

19 

20 

21 

22 

23 

S 37 


A 41 

R43 

Co 46 


Ti 40 

V61 

- 


- 

~ 



6, 

100, 

Z= 24 

26 

26 

27 

28 

29 

30 

31 

Or 63 

Mn™ 

Fe” 

Co &9 

Ni 81 

Cu 88 

Zn 65 

Ga® 7 

10, 

100, 

2, 

99 8 

I, 

68, 

+ 

+ 


Z = 32 33 

Ge«® As 71 

+ + 


The stablo nuclei start from Ti 40 and extend up to Cu M The numbers 
below them here show the percentages The olomonts to the left of tho stable 
group are j8"-active and those to the right are j3 + -activo We have some gaps, 
e g , at Cl 89 (/T), So 47 (fT or stable), but these will probably bo discovered if 
proper nuclear reactions are tried 

Wo now begin a detailed discussion of the table, taking each I-line m turn 
While studying theso discussions, the reador is advised to have tho chart at 
hand, as all references are to the chart 

I = —2 * 

A few nuclei like Li 4 have been postulated, but as knowledge about them 
is very meagre, we leave this group for tho present out of our consideration. 
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1 = -1 

In this lme, H 1 , Ho 8 (Alvarez and Cornog, 1939) are stable Li 8 cannot be 
formed, energy-considerations are against it 

Absentees aro —Na 21 , P 20 , Cl 33 , A 8S , K 37 which are oxpoetod to be 
/Inactive 

The senes terminates at Sc 41 

Tt is probable that tho ‘absentee’ nuclei inn v Is* obtained d proper nucloai 
icactions aro tried Let us take an oxamplo 

For Na 21 , tho following leaf tions aro suggested - 

(1) No2°+Hi = Na V+hv 

This is suggested in analogy to tho reaction O^+H 1 = h' 17 + 5v which 
has been observed by DuBndge ft al (1937, 1938) 

(2) No 2 ® + H 2 = NaSi+n 1 

This ls suggested in analogy to tho loaction O 10 +H 2 = F l7 +n l , observed 
by Kune ft al (1930) and Nowson (1937) But tho miction has been tiled by 
Snell (1937) who, however, obtained Nc 20 +H i = Fi*+He 4 Probably tho 
clianco of capture followed by y-omission is negligible to tlmt of particle 
emission, as has been found by Bet he (1939) 

It is cleai from this discussion that the* suggestion of prc>|>oi miction to 
get a ecu tain al won too nucloi will involve a good deal of work Hence the 
subject is not further pursued in this paper 

It is not yot clear whether tliero will be* any limit to tho number of nuclei 
on any I-lovol The last nuclei for T = — 1 is St 41 It is possible that we 
may get the senes continued to Ti 48 , V 48 , otc , but tho piosjiect of got ting 
such nuclei will bo diminished with huge i Z, as no stable nuclei, which tan uct 
as tho starting matoual for bombntdrnont with H 1 , Ho 4 and n l will bo available 

1 = 0 

This lino starts with H 2 and is stable up to O 1 ®, after which the alternation 
rule holds Nucloi are stable for Z = oven, and /3-artivi for Z = odd The 
senoH terminates for Sc 42 , but wo have, after n long interval, Ou 58 , which is 
stated by Delsasso (1939) to bo /J+-activo Tho inteimediato absent nuclei 
are — 

Ti44 V40 048 MnW Fe 82 Co 84 Ni s ® 

St + St + St + St 

which may be looked for 

1 = 1 

H 8 is jST-activo, as has been shown by Alvarez and Cornog (19395) changing 
probably to stable Ho*, and after that wo have stable elements up to Cl 86 in 
an unbrokon sones K 80 has been shown to be definitely stable Hence A 87 
ought to be stable, and may be a very rare isotope Ca 41 is still unknown, 
and as it is on the border bne, we cannot say whether it. will bo stable or 
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j8 + -aotive. From Sc 4 ® to Ni 57 , all aro j3 + -activo with the exception of Ti 45 
and V 47 which have to be looked for 
1 = 2 

Wo have -active nuclei from H 4 , (rathor doubtful) to N 18 , and then we 
have alternation of stable and radioactive nuclei boguming lrom 0 18 From 
Sc 44 , the radioactive nuclei in this group begin to become j8 + -active and with 
the exception of Zn 62 , whuli may lx> looked for, wo h.ivo tho group extended 
up to Ga 44 
1 = 3- 

In this group, tho stable nuclei start from Cl 37 and end in Ti 47 On the 
left side, they aro flanked by /3~-active nuclei which, with gaps at F 21 , Na 26 
and P 8 ®, can bo traced to O 10 The group contains the notable anomulous 
nuclous A® 9 which ought to lie stable, but Nior (1936) who specially looked foi 
it states that its abundaneo is loss than 10~ 5 of the most abundant isotopo A 40 
Gregoire (19386) gives it as /T-active, but doubtfully Tho anomaly ought to 
be cleared up 

On the right side of tho last stablo isotope Ti 47 , tho nuclei aro all /3 + -aetivo, 
with the exception of Co 57 which according to Blcaknoy et 'll (1939) is stated 
to be stable with an abundaneo of 18 por cent If it is really stable, it forms 
a glaring anomaly which ought to be denied up 

The line is continued to Zn 63 at present, but fuithei /{-emitting pirticles 
may be discovered on both flanks 
1 = 4* 

In this line, as in all with ovon values of I, the rule of alternation regarding 
stability is followed, without exception The limits ot the lino at present 
aro left S® 8 (stable) and right Ga 88 (/Tractive) Co 58 should be /Tractive, 
but the nature of tho particles emitted has not yet boen ascot tamed 
experimentally 

In this and all otlior groups with even values of I, it is still a moot quostion 
whether, if tho line is extended on both flanks, tho nuclei will continue to obey 
the law of alternation, e g , whether Si 82 or Mg 88 , if discovered, will bo stable 
or /T-active Similarly on the right flank whether Ge 88 or Se 72 , if discovered, 
will be stablo or /Tractive A third possibility is that like Li 6 , thoy may be 
energetically impossible These remarks apply to tho subsequent discussions 

One difficulty in the formation of thoso ‘flank’ nuclei would be that of 
getting any ‘ starting ’-point This point may bo illustrated by a concrete 
example Let us take C 18 and N 18 which fall in tho lme 1 = 4 Now C 18 
should be stable if rule (1) is obeyed, and N 18 ought to be /T-active But 
from what nuoleus should we start to get C 18 ? Since 0 18 is stablo, it may bo 
possible to produoe N 18 , but B 14 will again bo difficult to produoe 

According to present ideas of stability, all such nuclei may be /T-active, 
but aotual experiments can alone clocido how far the rule of alternation will 
extend on both flanks. 
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As will bo soon lator, some ‘flank’ nuclei of the description given hero 
have boon obtained in the caso of 52 To to 68 Co and 86 Br to 40 Zi by the fission 
of tho uranium nucleus But tho fission piocess is probably irossible only for 
tho hoaviest nuclei 

1 = 6 

Wo have in this line 8 stable nuclei from Ti 40 to (’n 03 , flanked b> 
/T-emitting nuclei on the left, and j8 + -onutting nuclei on the light Sc 47 may 
bo a stable nut lens or jfT-activo C'l 80 will be /3 - -activo 

From 1 = 0, tho rules we have stated apjiear to be followed rigoinusly 
The iomarks with respect to ‘flank* nuclei are always to lie taken subject to 
the observations made undei T = + 


1 = 0 

Absentees are As 72 , Bi 70 , both/3 + -acti\e 
1 = 7 

This lino shows only thioo successive stable isotopes at Cu 00 , Zn 07 , Gn 00 
Theie aio gaps at V 03 , Ci 05 , Mil 07 , Co 01 (all /J~-active) and at Br 77 , Ki 70 , lib 81 , 
Si 8 * 1 , Zi 87 and Nb 80 (all j8 + -iwti\e) which ma> be looked loi 

1 = 8 

This lino is very much broken We have tho first stable isotope Cu 48 , and 
then aftei a long pause Ni 04 Search may be made toi 

Sc 00 Tl 02 V 04 Cr 50 Mn 08 Fe 00 Co 02 Y 80 Zr 88 Nb 00 

— stable — stable — stable — + Btable -f 

Some of those* stable isotopes have boon looked for by Nier (1938), but 
have not been obtained He states that Ti 02 is < JO -0 , Ci 60 < 1O -0 , Fo fl0 < 
3x10 ft , Zr 88 < 10 n , of tho rospoclivo most abundant isotopes, if they exist 
at ail 

1 = 9 

Wo huvo hore stablo isotopes from Ga 71 to Br 70 j8 + active isotopes are 
expected at lib 83 , and Nb 91 

1 = 10 

This series starts w ith tho stable isotope Zn 70 and is continued up to Cd 100 
Ru 98 ought to be Htablo and wo may look for /Inactive nuclei at Rh 100 
and Ag 104 

1 = 11 

This group contains 11 successive stablo isotopes from Br 81 to Rh* 01 
To this group also belongs Ma 97 , still undiscovered The first j8 + -ictive nucleus 
is Cd 107 shown as doubtful There are two intervening absent nuclei, Pd 108 
and Ag 100 , which may bo /Tractive, Ga 78 may bo /3“-active. 
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I =3 12 

This group starts with the stablo nucleus Ge 78 and is continued up to Sn 118 . 
Thoro is ono absentee at In 110 which may be 0 + -active 
1= 13 

The Htable group starts at Mo 07 and is continued up to Ag 107 Ma 09 is 
oxpeited to Ik? stable ami one of tho chief isotopes of the element, which is 
still undiscovered As 79 , Y 91 and Nb 9s may bo /T-active 
1 = 14 

This group starts with stable isotopo Sc 82 and ends with Sn 114 |3 - -activo 
isotopes at Br 84 and Nl) 90 are oxiieeted Besides, a stable Si 90 is oxpocted 
Nier (1938) looked foi the isotope and has found that it it exists its abundance 
is less than 3 X 10“ 8 
1 = 16 

The first stable mu lens of this group is at Ag 109 and tho last one at Rn 118 
The nucleus 1M 107 may he also stable Br 85 , Rb 89 , Sr 91 , Y 93 and Nb 97 may 
be /T-activo 

Mamruim 

Tho element ‘43’ Masunam has not yet been satisfactorily identified 
Let us soo what piediction can be made about it It is exacted to have 
isotopes of the following atomic weights 

94 95 96 97 98 99 100 101 102 103 

+ + H— St-|— St H— — — — 

Tho two stable isotopes aio expected to havo the masses 97 and 99 Of 
thoso 99 is expected to be more abundant 43 Ma 09 , though not yet observed 
on tho earth, has boon detected by an indirect method by Abelson (19396) 
Ho obsoi ved that Mo 99 , which is jfT-active (period 64 lira ), has, bosules, a branch 
activity, and one-fifth of Mo" is convei ted to 43 Mr" which emits a y-ray and 
lapses to a stable isotopo Tho y-ray is intornally converted, which expels 
an electron from the K-shell, and Ka-line of Ma is emitted This has been 
detected by Abelson 
1= 16 (See Chart 2 ) 

Tho first stable wotopo is at Zr 98 and the last one so far detected is Xe 124 
The following radioactive nuclei may bo looked for — 

Nb 98 Ma 102 Rh 108 Sb 118 I«* 

+ + 

1 = 17 

There aro only throo stable nuclei Cd 118 , In 118 and Sn 1 ! 7 in this group 
Sb 119 is not yet known It may be oither stable or /^-active Ma 108 and 
Rh 107 may be /T-active 
1 = 18 

This group starts with Pd 110 and is continued up to Ba 180 Cs 128 may be 

/3 + -aotivo 
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I = 19 

The Btablo isotopes in this group are Sn 118 , Sb 181 and Te 128 Alter theso 
we have neither stable nor radioactmi nuclei in this group l 125 may be 
oithor stable or /Tractive, so is Xe 127 

I = 20 

The group staits with the stablo nucleus Cd uo and is continued up to 
Sill 144 Theio is a notable absentee amongst stable nuclei at Nd 140 Radio- 
active nuclei ate expected at 

In 118 Cs 130 kis* Pr 13H M \ m 

— H— + + + 

1 = 21 

VVe have got font stablo nuclei in this group from Sb 123 to Xo 128 It will 
be interesting to look for nut lei fnrthei beyond at Cs 131 , Ba 133 , La 135 and t'e 137 
1 1,B may bo jfT-active 
T = 22 

The fiist stablo isotope is Hu 122 and the stable senes teiinmates at the 
stable isotope Nd 142 Radioactive nuclei call be looked for at Cs 132 , (d—), 
La 130 (+ -) 

1 = 23 

The first stablo nucleus in this group is Xe* 31 and the last one is Sm 147 
La 137 is a notable absentee and Co 130 is anomalous Accouling to out rule 
this ought to bo stable As a nuvttei of fact conum shows anomaly in the 
next group I = 215 and Ce 138 as well as Ce 141 , which are shown to be 0 + - and 
-active respectively, ought to bo stable according to out rule The gap at 
81 X 140 is still to lie filled up 

I = 24 

This group shows tho first stablo nucleus at Sn m and is continued up to 
Gd ,M Sb 120 ought to be -active Sm 148 is a-aetivo This is indicated by 
the double arrow which shows that after tho omission of a-ray it is transformed 
into Nd 144 According to our classification a-ac live substances aro to bo classed 
with stable nuclei 
1 = 25 

Tho first stable nucleus is at Ba 187 and excepting for the anomaly at 
Ce 141 this group is continued up to Eu 101 Xe 188 and Cs 186 may be either 

stable or /l”-active Pr 143 ought to bo a stablo isotope, so should also be 
BiX 147 Gd 188 may be stable or /Tractive 
I = 20 

The first stable nucleus is at Te 180 and the last is at Er 182 One may look 
for tho radioactive nucloi at 

pas Cs 188 Pr 144 fil Xi 48 Tb 168 Ho 180 

+ + + 
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I = 27 

This contains only two succossivo stable elcmonts at Eu 168 and 
Tho noxt elemont Tb 167 is also probably stable This group is flanked fl 
both sidos by radioactivo nuclei winch start from Sb 12B Soarch may bo madk 
for othor radioactive nuclei at 

1133 Xo 18 ® Cs 187 La^i Ce 148 Pr 14 ® 01 X 14B Tb 1 ® 7 Ho 181 Er 1 ® 8 Tu 1 ®® 
------ - + + + + 

1 = 28 

Tins group starts with tho stable nucleus Xe 18fl and we should have stable 
nudoi at Ba 140 and Co 144 Othors, whuh according to our rule should occur, 
are present up to Yb 168 _ YVo should expe<t« the following radioactive nu< lei — 
CV38 1*141 P,14« fll xi50 Ho 1 ® 8 Tu 1 ®® Lu 17 ° otc 

----+ + + 

I = 29 

Wo have three succossivo stable nuclei at Gd 1 ® 7 , Tb 1 ® 9 , Dy 1 ® 1 Eu 1 ®® and 

Ho 108 may bo eitliei stable 01 tadioactive The following radioactive nucloi 
may lx> looked foi — 

ol Xi®» Eli 1 ® 5 Hons Tu 1 ® 7 Lu 171 otc 

- — + + + 

I =30 

Tho group starts with the stable nucleus N<l lr, ° and is continued up to 
Hf 174 W 178 may bo a stable isotopo of tungsten Tho following radioactive 

nuclei aro expected — 

fll Xi®2 Eu 16 ® Tu 1 ® 8 Lu 17S Ta 17 ® Ro 18 ® 

---++ + + 

Element 61 

Tho disooveiy of oloment ‘61’ has been claimed and disputed It is 
passible to make predictions regarding its number of stable isotopos, their 
abundance, and radioa< tive- lsotojies The chart shows that we may oxpect 
isotopes having the mass-numbers — 

144 145 146 147 148 149 150 151 152 

+ St + - St +- +- - - 

Tho two stablo isotopes with A = 145, 147 will havo probably the samo 
order of abundance 

1 = 31 

We have got five succossivo stablo nuclei, viz , Dy 1 ® 8 , Ho 1 ®®, Er 1 ® 7 , Tu 1 ® 9 , 
Yb 171 They are flanked by a certain number of radioactive nuclei Search 
may be made for 

61 X 1 ® 8 Sm 1 ®® Eu 1 ® 7 Tb 1 ® 1 Lu 178 Hf 17 ® Ta 177 W 17 * 

- — °r St ? + + + + 
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I =3 32 

The series starts with the stable nuclous Gd 180 and terminates at Os 184 
° larch may be made for tho following ladioactivo nuclei — 

Tb 182 Lu 174 Ta 178 Re* 82 

- + + + 

I = 33 

Wo have throo successive stable nuclei at Yb 178 , Lu 175 and Hf 177 Tu 171 

and Ta 178 may also probably be stable Search may bo mado fur tho lollowing 
radioactive olomonts — 

Ho 197 W 181 Ito 183 Os 189 itc 

+ + + 

It may be mentioned hero, as a pi out ot the usetubiess ol the table, that 
it makes Lu 176 stabio and probably tho most abundant isotope But this 
mu lens is mentioned as j3~-uctivo in tho Tables published by Gregoim (111.18ft) 
Mattauck and Lichtblau (1939) havo subsequently shown that them is an 
isotopo at Lu 178 with abundance of 2 5% and it lus lx en shown by Libb> (1039) 
that it is Lu 170 which is /T-aotive with tho unusually long life of It) 10 yrn 
and not Lu* 79 Lu 178 is thus just like long-hvod K 48 and Rb 87 

1 = 34 

This senes starts with tho stable nucleus Ei 170 and tenmiiatcs at tho 
stable nuclous Os 188 The following ladioactivo nuclei may Ixi looked lor — 
Tu 172 Re* 84 

- + 

1 = 35 

There are fivo successive stable isotopes beginning fiem TU 170 up to Os 187 
They urc flanked on tho left by two /T-aetivo nuclei and the following may 
bo looked for — 

Tu 178 Lu 177 li 180 Pl«» 

-St? + + 

l = 3tf 

The senes starts with tho stable isotope Yb 178 and ends with Hgl® 8 
Search may be made for 

Lu 178 Ir 18 ° Au 104 Tl 108 

+ + + 

1 = 37 

There are throe successive stable nuclei at Re 187 , Os 188 and Ir 181 , flanked 
as usual on the left by the )3~-active and on tho right by /3 + -active nuclei 
Search may be made for 

Ta 188 Au 189 

+ 
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I = 38 

This sories starts with W 189 and ends with Hg 198 Au 198 is shown as 

a fi~ -active nucleus with two periods 4 days and 13 hours 

1 = 39 

This series has four successive stable nuclei from Tri® 3 to Hg 199 Thore 
may be more stablo nuclei to the right, eg at Tl 201 

1 = 40 

This series starts with the stable nucleus Os 192 and ondH with Pb 204 

Tl*02 m ay bo /J + -activo 

1 = 41 

Wo have two successive stable nuclei, Hg 201 and Tl 203 Pb 206 may be a 

stable isotope On the loft side we have the j8”-active nuclei Au 199 , Pt 197 and 
Os 191 , but on the right sido no representative has yet boon obtained We may 
have Ir 196 (^“-active) and Bi 207 and Po 209 (/3 + -activo) 

1 = 42 

From this senos wo enter the region of natural radioactivity, the a-emittmg 
nuclei are troated as stablo for our purpose The rule of alternation is obeyed 
in this series and wo liavo stable nuclei at Pt 198 , Hg 202 , Pb 209 and Po 210 , the 
last ono bomg a-active Au 200 ought to be -active and Bi 208 ought to bo 
/3 + -aotivo Theso have not yot boon found 

1 = 43 

This sorios also obeys tho laws stated, as wo have successive stablo isotopes 
at Tl 206 , Pb 207 , Bi 209 and Po* 11 (a-activo) Tho group is flankod on tho left 
by jfT-aitive nuclei m whuli Au 201 is an absentee On tho right, /? + -activo 
nuclei may bo oxpoctod, such as 8B X 213 and Rn 216 

1 = 44 

Hero also tho rule of alternation is followed from Hg 204 up to Po 212 
(a-activo) No /J-activo liucloi on the left or right have yet been found 

1 = 45 

We have throe -active nuclei and only ono ‘ stable ’ (a-active) isotope at 
Bi 211 Both Po 213 and gjX 215 may bo either stablo or a-active nuclei 

1 = 46 

Only four isotopes aro present which follow the rule, excepting Pb 210 
which is an anomaly This nucleus is actually (3"-active but ought to be stable 
or a-active according to our scheme Rn 218 may be stable 

1 = 47 

We have * Btable ’ nuclei at Po 218 , Rn 219 , Ra 228 and Th 227 , all being a-active 
If the odd number rule is valid then probably ^X 217 , gyX 221 and Ac 226 should 
also be ‘stable’ or a-aotive 
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1 = 48 

In tlun sorios Pb 212 (Th B) should bo stable, but actually it is /) -activo 
Bi 214 (Ra C) should be /T-active but this actually emits, us is well known, both 
a- and jS-rays Apart from these two anomalies the other nuclei in this series 
follow tho stability rule These are Po 210 , Rn 220 , Ra 224 and Th 228 , all being 
a-active Wo should oxpoct ggX 218 , B 7 X 222 and Ac 220 to be all /T-activo 
1 = 49 

This group is very small having only two stable isotopes at Th 229 (which 
is doubtful) and Pa 281 (which is a-activo) U 283 , if it could bo obtained, would 
probably be a-activo 
1 = 50 

Hoie also we have an exception to the rule in Pb 214 (Ra B) Tt ought to 
emit a-piirtule, but actually it emits jS-rays passing to Ra (' Othei nuclei 
follow tho rule Those are Po 218 , Ru 222 , Ra 226 , Th 230 and U 234 , all being 
a-active We ought to have /T-activo nuclei at B 1 210 , scX 220 and 87 X 224 
Ac 228 is found to be /3 -active and Pa 232 may bo /J + -active 
1 = 51 

Thoro is a single stable nucious U 23G flanked by throe /T-activo nuclei on 
the loft oaX 237 , according to these rules, may bo ‘stable’, t e a-active It ih 
now well known that U 235 forms about 0 7% of tho most abundant isotope 
U 2J8 

1 = 52 

Here also we start with an anomaly at Ra 228 which instead of lxung 
m tivo is /S -activo Tho other two nuclei 111 tlus group uri Th 232 which is 
a-activo as it ought to be, and Pa 284 which is )3~-uotivo U 230 ought to be 
stablo (or a-active) 83 X 238 ought to be j3 + -activo 
1 = 53 

Thoro aro only throe nuclei in this group ol which the first two, e g, 
Ra 229 and Th 238 are )ST-active and M X 289 is probably stable or a-activo U 287 

may be eithor a- or 0-active Ac 28 * and Pa 280 will probably bo /T-activo 
1 = 54 

In this group the nucleus Th 284 is an unomaly, bocauso aocoiding to 
tho rules it should bo a-activo, but actually it is /T-active Pu 286 ought to 
be /T -active 

Element 85— liudw-Iodine 

Element 85, still undiscovered, is expected to have isotopes of the following 
mass-numbers — 

212 213 214 215 216 217 218 219 220 

— St (?) — St. (?) — St or a- — or a- — — 

The stable isotope of element 85 should have an atonno mass of 217 
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Element 87— Radio-Caesium 

This olemont is oxpootod to have isotopes of tho following mass*numbers — 

221 222 223 224 

St or a- — — — 

So it appears to have only one stablo isotopo of mass-numbor 221. 


Fission of Uranium and Thorium 

After a ret tain amount of progress had been mado with tins paper, wo 
received the September (1939) number of the Physical Review, containing a 
papor by Bohr and Whooler (1939) on tho ‘Mechanism of Nuclear Fission’ 
In this piper, tho mochanism of nuclear fission is oxplamed by using a (I)/A- 
diagrnm (Fig 8, p 445) which is vory nearly identical with the one used here 
As mentioned already, only a part of tho diagram fromBi 08 to Km 140 is shown, 
and no other use is mado of it, exoopt to illustiato the moolianism of fission 

A few points regarding fission can bo elucidated by means of our chart It 
has been now provod that the effect of bombarding U or Th-nuclei with neutrons 
is probably (1) to release a number of neutrons, estimates vary from 2 to 6 
(soo Zinn and Szilard, 1939), (2) to split up the remaining nucleus into almost 
two equal halves, which leavo each other with onorgy of about 200 Mev 
Tho onorgy of splitting oan bo calculated from theoretical considerations of 
the onorgy-founation of nucloi, and is found to be m accordance with 
experimental observations 

In some cases, the products of fission and the products of successive 
disintegrations have been correctly identified, in othei cases all the links 
have not beon satisfactoi lly traced Wo givo below in Tablo I a summary 
of tho results so far obtumed by different obsorvois, showing tho sueoossivo 
series which have boon obsorved 

The tables liavo beon compilod from recent works, particularly those duo 
to Hahn and his co-workors (1939), ami A be Ison (1939a) Wo may add some 
notes regarding the establishment of oach series of sucoessivo produots, and 
identification of the mass of tho nucleus, which is indicated at the top of eaoh 
column 

The first series (second column of Tablo I) 

61 Sb«7 -> /T 62 Te 187 -► P~ 63 H 87 

80A 10A stable 

has been cleared up by Abolson, and its mass, 127, was identified from the 
observation that a 10A -Te isomer was already discovered by Seaborg, Livmgood, 
and Kennedy (1937) It should terminate with stable I 1 * 7 The fission nuclei 
are indicated by the symbol ^ m the Chart The nuclei under mass numbers 
against whioh there are query marks have not been shown in the Chart 
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Tablk I 

Products of Fission of Uranium 


v^Mass 

127 

129 

111 

133* 

135* 

117* 

139 

141 ’ 

143 T 

Nuclei^ 










«o® n 










6|Sb 

m> 

4 Ik 


5m 

<■ 10m 

< 10m 


‘ 


#s Te 

90 d 

10 h 

30 d 
70m 

30 h 
25m 

7U 

4 bn 

60m 




63 I 

1127 

stablo 

18 oh 

8 d 

2 4 It 

54 m 

2 2h 




»*Xe 


Xe 18 * 

stable 

Xe ,sl 

stablo 

st or 
-(») 

~ 

- 


15m 






Cs-»» 

stable 

st or— 

~ 

6m 

33m 


s«Ba 





Hals® 

stable 

Ba 1 * 7 

stablo 

86m 

300/i 

I4ro 

J7 La 







La 1 ** 

stable 

36/. 

2 5/. 

68°° 








Co'* 1 * 

stable* 


68 Pr 









stablo 

« 0 Nd 











* Vide remarks, page 55 


The mass of the second senes (A = 129) was identified fiom the 70m 
(1 A)-Te discovered by Seaboig el al It should end m Xe 129 (stable—26%) 
The mass of the third series (A = 131) was identified fioni the 8d-I, 
discovered by Seaborg et al It should end in Xo 131 (stable—2 2%) 

The identification of the masses of the three remaining series is far 
from clear, but they cannot lrnvo tho oven masses, 132, 134,136, as suggested 
by Abelaon (1939a), for according to our chart (vtde mass-lines 132, 134, 136), 
I 131 , Te 184 and I 13 * should be stable One has merely to go up along the mass- 
lines 132, 134, 136 and it can at once be seen that the pointB I 132 , Te m , l 183 
would be stable according to the ruleH formulated by us 

These three unidentified senes should have therefore the odd mass-numbers 
133, 136, 137 respectively, but it is of course not possible to say which number 
refers to which group 

X T3t -group should end in Cs 183 , v e we should have m addition a 
j8 _ -enutting Xe 133 m this group There is just a chanoe that Xe 138 may be 
stable 
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X 136 -group should ond in Ba 185 , or Cs 186 if tho lattor is stablo In any 
case, wo should havo a Xo 186 , j 8 - -emitting 

X 187 -group should ond in Ba 187 Hence this group should show a 
0 -(mittmg (V 87 and a /T-emitting Xo 187 

Tho ond product of X 188 has boon definitely identified by Hahn et al (1939) 
with La 180 

Tho masses of tho othei two gioups arc not yet definite But they cannot 
bo even for tho same reason as in tho case of X 138 , ,36 , 137 but odd They 
havo probably the mass-numbois 141 and 143 

Tho gioup X 141 should ond m Co 141 , which as lomarkod already should be 
a stablo lHotopo of Co 

The group X 148 should end in Pr 14J , it should have ^'-emitting 
Co 143 

We havo thus shown that according to Hahn et al, and Abelson, one 
of tho immediate products of fission of uranium may be any odd mass from 
127 to 143, 9 in number These contain too large a proportion of neutrons, 
and thoreforo undoigo successive /T-transformations till they end in stablo 
nuclei which havo invariably odd mass numbers Tho highest number of 
/3 - -tiansformation so far detected is four (for X 141 ) 

Since the starting nucleus was either U 280 or U 285 , and probably two 
neutrons are omitted before fission, the other component of fission would bo 
a nucleus with an oven mass For example, the other component of the 
fission process which gives rise to 54 X 148 should be agX 90 The results on this 
side aio rather confusing, and the different series have not been completely 
worked out Only tho follow mg series appear to have been worked out fully — 

35 Br ® 8 -+■ 3 fl Kr 88 -► J 7 Rb 88 sgSr 88 
35m 'ih (?) 17m Stable 

This is based 011 the identification of 3B Ki 88 , which is, however, doubtful 
(Langsdorff, 1939) 

Summary 

A chart has been drawn with A, the mass-number as abscissa, I, the 
isotope number which is defined as the excess of the number of neutrons over 
protons as ordinate, and Z-hnes, at 46° to the abscissa or ordinate In this 
chart, all nuclei, stable as wrell as radioactive, have been represented with their 
abundanco (for stable nuclei) and half-lives The chart enables one to form a 
complete picture of all nuclei so far known, as well as of the nuclear processes 
Rules of stability have been noticed, in the case of nuclei with even mass- 
number, these have been partly foreshadowed by Bethe and Bacher, the rules 
for stability of odd nuclei which are noted here are believed to be new A 
large number of predictions have been made regarding the occurrence of rare 
stable nuclei, and of radioactive nuclei In the case of elements still un¬ 
discovered, Nos 43, 61, 85, 87, predictions have been made regarding the 
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number of isotopes and of the most stable varieties A numbei of anomalies 
in the presont list of stablo elements has been pointed out which ought to be 
cleared up The mass-numbers of the U-fisaion product series to which 
Abelson assigned the values 132, 134, 136 have been shown to be untenable 
The coirect mass-numbers appear to be 131, 133, 135 respectively Further, 
two senes have been shown to possess the mass-numbers 141 and 143 
respectively 
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THE SECOND MAXIMUM OF THE ROSSI CURVE 

By N N Das Gupta, M Sc ( Cal ), Ph D (Lond ), Paht Laboratory, University 
College of Science, Cakutta 

(Communicated by Prof M N Saha, F R S ) 

(Rend March 11, 1040 ) 

Introduction 

During recent yearn great pi ogress has been made in understanding the 
phenomenon of production of showers by lugh-onergy electrons and positrons 
It is known that such an oloctron (or positron), duung its passage through 
matter, loses energy partly by ionization and partly by radiation For every 
material there is a critical oncrgy (E 0 ) at which the energy Ioshos due to radiation 
and ionization are equal If the energy of tho particle is above the critical 
enorgy, the energy-loss due to radiation exceeds that due to ionization, while 
the reverse is true if the energy of the incident particle is less than E c This 
critical enorgy for lead is about ten million electron volts A cosmic ray 
electron, whose energy is generally much higher than this amount, will at 
first lose its energy mainly by radiation dui ing its passage through load The 
electron then radiates a few hard quanta which proceod in almost the same 
direction as the original oleotron and in their turn lose energy by creating 
pairs of positive and negative electrons Each quantum gives rise to one 
pair of electrons which sharo the total energy of tho quantum Hence, if wo 
had started with one primary electron of oncrgy E 0 incident on a sheet of 
matter, after a small thickness is traversed, we are loft with several olootrons 
of both signs which have energies comparable to Eq 

Each of these electrons continues the process of generation of fresh quanta 
and ultimately of pairs of electrons The size of the shower, • c the number 
of secondaries produced by the primary electron, increases and the energy 
of tho shower electrons decreases as more and more matter is traversed 
Finally, the critical energy of the material is reached when the energy-loss 
due to ionization becomes equal to that due to radiation The ionization- 
loss becomes still more effective as the energy of the electron is further reduoed 
No multiplication therefore takes place and the eleotron is ultimately stopped 
due to its energy being completely lost by ionization 

This cascade theory of shower formation has been worked out m detail 
by Bhabha and Heitler (1037) as well as by Carlson and Oppenheimer (1937) 
Their theoretical predictions are confirmed m a very striking manner by the 
cloud chamber photographs of Fussell (1937), Trumpy (1938) and Street 
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1939) In those photographs the successive stages of shower formation by 
radiation and pair-formation aro clearly visible From the work of Fussell 
it is also evident that tho majority of the showers at the sea level are produced 
by the cascade process 

Tn order to study tho showers released from a sheet oflead by the incident 
cosmio rays, Rossi (1934) omployed a system of throo counters arranged in 
such a way that tho same particlo cannot pass through all of them If 
these counters aro activated simultaneously a coincidence is recorded which 
indicates in general the release of two or more ionizing particlos from load 
Rossi found that with his arrangement tho number of ooinoidences increased 
with the thiokness of lead used and that this number reached a maximum at 
a thiokness of about 1 6 oms of lead Since the work of Rossi a great variety 
of counter and radiator arrangements have boen used m order to study in 
detail tho nature of the showers released from tlnn sheots (Froman and Stearns, 
1938) As a result of these investigations it is now well established that tho 
formation of showers under small thickness of mattoi and also tho first maximum 
of the Rossi curve can be woll explained by the cascade theory by assuming 
that they aro oausod by the soft component of tho cosmic rays 

The showers under groat masses of matter have beon investigated by 
Follett and Crawshaw (1936), Ehmort (1937) and Morgan and Nielson (1937) 
As montioned before the intensity of the cosmic ray showers in lead rises to 
a prominent maximum at about 1 6 cms of load, after whioh the showor, 
intensity falls rapidly with increasing thickness of the radiator Beyond ten 
oms of lead the rate of diminution becomes very small and the transition 
curve finally extends into a long tail with very little slope Ackomann (1935), 
Hummel (1934), Dngo (1934) and Clay, Gemert and Wiersma (1936) showed 
that there is a seoond riso in tho coincidence curve at a thickness much beyond 
that corresponding to tho first maximum They found that as the radiator 
thickness is increased, the shower frequency reaches a second maximum 
between 16 to 20 cms of load This is known as tho seoond maximum of the 
Rossi ourve after whioh tho shower frequency again diminishes Bothe and 
Sohmeisser (1938) made a dotailed study of this second maximum and came 
to the oonelusion that this beoomes more prominent as the angle at which 
the shower is observed is reduced At angles greater than ten degrees the 
second maximum is hardly notioeable, while at four degrees it is as prominent 
as the first Bothe accounted for the failure of some of the early observers 
to deteot a prominent second maximum to be due to their using wide angles 

By conducting the experiment under open sky and also in the cellar 
Bothe showed that the seoond maximum is produoed by the penetrating 
component of the cosmio rays, a faot whioh is also evident from its position. 
Theoretically the exact mechanism by which mesotrons give nee to this second 
shower maximum is not very clear A mesotron can initiate showers in two 
distinct types of processes The first is the ionisation shower postulated by 
Bhabha (1938). In this process a mesotron is supposed to knock out an 
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extra-nuolear eleotron to which it gives less than half its kinetio energy The 
knocked out electron subsequently produoes an eleotron shower in the usual 
oasoade prooess Bhabha (1938) estimated that due to this process in lead 
mesotrons of energy of 10 10 e v will bo associated with soft electrons to the 
extent of fifteen per cent According to Hopkins, Nielsen and Nordheim 
(1939) and Lovell (1939) the majority of the showers under thick layers of 
matter are fully accounted for by the Bhabha ionization process Difficulties, 
however, arise as soon as attempts are made to explain the production of the 
second maximum of the Rossi curvo by the Bhabha ionization process A 
characteristic of these ionization showers will bo that tho primary mesotron 
will oome out of the radiator asso< cited with the shower particles which will 
be ordinary electrons From tho position of the second maximum and also 
the rate of absorption of the shower particles it appoars that the Bhower 
particles m this case are not ordinary electrons but mesotrons 

The other alternative m which mesotron showers may bo produoed is 
the multiple omission process, m which a heavy electron is absorbed or scattered 
by the nucleus and several heavy electrons are produoed The showers gene¬ 
rated in this way have been investigated theoretically by Heisenberg (1939), 
Hoitlor (1938) and Wentzel (1938) But tho occurrence of Biioh close angle 
showers (<10°) as found by Bothe and Schmeisser cannot be explained on 
this theory unless some arbitrary cutting principles are introduced 

It will be evident from the abovo that the exact mode of origin of the 
second maximum is not vory clear It may be that the showers of both kinds 
are present m this maximum (Ehmert, 1939) Apart from these theoretical 
uncertainties great doubt has been thrown on the presence of this maximum 
by the recent work of Morgan, Nielsen and Nielsen (1939) They investigated 
showers under great masses of iron using four-fold coincidences for recording 
the showers The showers at both 7° and 38° were recorded but no second 
maximum could be found m the shower curve, even though the radiator thick¬ 
ness was increased up to 300 gms /cm 2 As the four-fold coincidence method 
should be more sensitive to the showers from the top, the authors conolude 
that the second maximum found by Bothe and Schmeisser is due to background 
effeot It is, however, not clear why the background effeot should ocour only 
at a particular lead thickness 

On account of these theoretical and experimental uncertainties present 
in the second maximum of the Rossi curve it was decided to carry out a series 
of investigations on the second maximum using different experimental arrange¬ 
ments The present paper contains an account of the preliminary work in 
which we have repeated Bothe’s experiment with three-fold coincidence 
arrangement 

Experimental Arrangement. 

The ooemio ray shower apparatus used in this experiment is shown in 
fig. 1 It oonsists of a massive iron frame capable of supporting a ton of lead 
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above the counter assembly The lead radiator, more than 20 cms thick, 
which was formed with bricks piled upon one another can be seen at the top 
of fig 1 The radiator covered a total surface area of 40 X 40 cm 2 



COSMIC RAY SHOWER APPARATUS 

Fig I. 

The oounter assembly consisting of four counters, the amplifier with the 
thyratron recorder, the high voltage stabilizer for supplying voltage for the 
oounters and the power-pack for the amplifier can be seen m fig 1 The 
apparatus was made portable and suitable for outdoor work The amplifier 
for recording four-fold coincidences was of Barasch (1934) type using a dis¬ 
criminator and a final pulse equalizing valve The high voltage stabilizer 
using Street and Johnson's (1932) cirouit was capable of supplying a hi gh 
tension up to 3000 volts. Fig. 2 represents the arrangement of the oounters. 
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Four counters were arranged at the corners of a trapezium below the lead 
radiator which was 77 cms above the two lower counters, these subtended an 
angle of about 6° at the middle point of the lower surfaco of the radiator 



Fia 2 


Only three-fold coincidences were recorded with the two upper oounters 
connected m parallel By this arrangement at least two shower particles 
were necessary to cause a coincidence An intermediate sheet of lead 1*6 cm 
thiok was placed between the lower oounters so as to stop the spurious 
coincidences caused by the electrons released from the counter walls passing 
from one into another There was no absorber between the upper and lower 
oounters. 
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Most of the measurements were made with brass counters 0*7 mm. thick, 
2*5 oms wide and having a working length of 20 cms The counters were 
sealed in pyrex tube 0*4 gms /cm * thick In order to cause a coincidence a 
oosmio ray particle had to traverso a total thickness of 3 76 gms /cm * including 
a pieoe of wood supporting the upper counters From the calculations of 
Bethe and Heitler (1934) it was estimated that the cosnuo ray particles oausing 
the coincidences had energies exceeding 10 million electron volts 

Results 

The following table indicates the results obtained with different thick¬ 
nesses of the lead radiator placed on the top of the iron plate, quarter inch 
thick This thickness of iron is equivalent to a thickness of about 0*2 cms 
of lead, according to Bhabha’s theories This constant thickness of 0*2 cms 
has been added to the actual load thickness in ordor to get the figures given 
m column (1) under the head ‘total thickness ot the lead radiator 

As the numbor of coincidences per hour was small, each reading had to 
be extended over a great longth of time in ordor to count a sufficient number 
of coincidences, to reduce the statistical errors The total number of coin¬ 
cidences counted is indicated in column (3), while the total time mvolvod in 
oaoh reading is given m column (2) The rate of comcidenoes per hour has 
been indicated in the last column with the probable error 68 \/N/T whore 
N «= total number of coincidences and T the total time of counting No 
correction has been made for the accidental coincidences, calculation showed 
that they would bo about 0 86 per hour The results are shown plotted in 
fig 3 whore the probable error in determination has been indicated by 
vertioal lines 

Table I 


Total thiokncas 
of the Pb radiator 
in oms. 

Total timo of 
counting m minutes 

Total number of 
coincidences counted 

Oomcidenoe per hour 

2 

498 

68 

8 2± 67 

1 2 

724 

122 

105± 64 

22 

656 

104 

9 5± 63 

47 

1139 

147 

77± 44 

72 

1550 

147 

5 7± 32 

97 

704 

50 

50± 44 

12-2 

786 

64 

4 9± 42 

14 7 

1075 

74 

41± 32 

17*2 

1002 

91 

5 5± 39 

19 7 

1236 

129 

6-3 ± 38 

222 

541 

47 

5*2 ± 52 


From the ourve shown m fig. 3 it will be evident that the oomcidenoe 
ourve has two prominent maxima of comparable intensities The second 
maximum occurs at a thickness of lead of about 18*6 cm which is slightly 
^ greater than that found by*Schmeisser and Bothe (16*6 cm.) The intensity of 
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the first maximum is much reduced as only close angle showers were observed 
and the experiment was carried out under one layer concrete roof of thickness 


NUMBER OF COINCIDENCES 
PER HOUR 



20 cms approximately This cuts off some of tho softer components of the 
mcidont cosmic radiation The second maximum is, however, unaffected by 
such small thickness of matter The ocoui renco of the second maximum at 
18 5 0ms is in very good agreement with the calculations of Ehmert (1939) 
based on tho absorption coefficient of the shower particles 

The first maximum occurs at 1 3 cm of Pb thickness which is slightly 
less than the usually accepted value of 1 0 cm No groat care was, how¬ 
ever, taken to dotormmo its position very accurately, as the chief interest 
of the experiment was to test the presonto of the second maximum if any 
It will bo apparent from fig 3 that there are many comcidonces even with no 
Pb radiator placed above tho counters These are duo to showers from air, 
roof, walls, eto which are paitially absorbed by increasing the thickness of 
the Pb radiator The second part of this background effect is not affected 
by placing Pb over the counters As found by Botho and Schmeisser it is 
not possible to avoid completely this background effect However, the 
presenoe of two maxima m the shower curve is clearly proved by the results 
of the present experiment 

The experiment was earned out in the Cosmic Ray Research section of 
the University College of Scienoe at Caloutta It is with great pleasure the 
writer acknowledges his grateful thanks to Prof M N Saha, D Sc , P R 6 , 
for his kind mteroBt and encouragement in this line of research My thanks 
are also due to Dr S C Sirkar and Mr P C Bhattaoharya for helpful 
dismissions. 
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Summary 

Cosmic ray showers from lead have been investigated with three-fold 
coincidence arrangement up to a total thickness of 22 cms of lead The 
minimum angle subtended by the shower particles at tho lower surface of the 
radiator was 0° With this arrangement the shower curve shows two prominent 
maxima at 1 3 cms and 18 5 cms of lead 
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A CONTRIBUTION TO THE MORPHOLOGY AND CYTOLOGY 
OF GARTH AMU8 TINCTORIUS LINN 

By I Bankbji, Department of Botany , Calcutta University 
(Communicated by Prof S P Agharkar, Ph D , F L S ) 

(Read January 2, 1940 ) 

Carthamus tmctorius, commonly known us ‘Safflower’, is a crop plant 
of great economic linpoitanco It is widely cultivated in Tndia both as an 
oil seod crop, and for the reddish dyo m the flowers (Carthamm) The dye is 
found m tho florets and these aie collected at frequent intervals after the 
sotting of the seeds The oil extracted from tho seeds is known as ‘ Kusum ’ 
oil, and is supposed to have good drying propel ties It is grown in India 
chiefly as n'Rabi' crop 

The plant belongs to the tribe Cynaresc ol the family Composite An 
account of the flowonng, pollination, natural cross-fertilisation and the isolation 
and description of 24 unit species has already boon given by Howard, Howard 
and Khan (9) The chromosome number of tho plant was fiist recorded by 
Gregory (7) who found tho diploid number to bo 20 Later, Patel and Narayana 
(15) who woikod on Pusa types found tho monoploid and diploid numbers 
to be t w elve and twenty-four respective ly Tins has beon confirmed by Gregory 
(6) for the Pusa types, and he is of opinion that tho variation lound m the 
chromosome number was due to his having woikod previously with Coimbatore 
types—which might be distinct karyotypes Gregory (7) has also workod 
out the process of somatic mitosis in this plant, and has demonstrated tho 
chromonematio structure of tho chromosomes No other litorature on Car- 
thamus tinctonua, besides those mentioned above, has boon noted by the 
present writer 

A considerable amount of morphological and oytological work has, however, 
been done on the family Composite Schnarf (16) and lately Bhargava (1) 
have summarized the literature and it need not be repeated here As no 
reference was found on Carthamus hnctorxus, it was thought desirable to 
take up the investigation of which this paper gives an account 

Material and Methods 

The material was collected from plants grown m the University College 
experimental garden from seeds obtained locally The cultures were quite 
uniform and aberrant forms were weeded out Capitula of various sizes were 
fixed Bofore fixation the involucral bracts were removed and the buds 
tr imme d In some cases it was neoessary to cut the heads into three or four 
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parts and remove the upper portions of the flowers, Allen’s modified Bourn’s 
fluid, Lioont’s fluid and Nawaschin’s fluids wore cluefly used for fixation The 
first and the last fixativo gave good results, but Licent’s fluid was found to be 
better suitod for the study of embryology The material was dehydrated 
and cloared m the usual way. Soctions were cut 6 to 16p thick depending 
on tho stage roquirod for study Heidenhain’s iron-alum Heematoxylin and 
Newton’s Iodine Gentian Violet stain were chiefly used 

Observations 

(a) The Development of the flower —Bofore tho diffoientiation of the florets 
the floral axis is convox in outline and is covored by the ovoilapping bracts 
The primordia of the individual florotH soon arise in large numbers as minute 
protuberances of the thalamus and are at first convex in outline From the 
edgos of the convex papillate processes a number of primordia very soon 
grow actively and as a result tho central rogion bocoines conoave m outline 
(Text-figs 1 and 2) The outgrowtlis from tho sides, which are five in number 
(as seen in transveiso section), curve inwards particularly at their tips and 
form an effective covering m the oarly stages of the development of the flower 
These are the petals The primordia of tho stamens are seen next, followed 
immediately by thoso of the sepals (Text-figs 3 and 4) Tho staminal primordia, 
which are five in number, grow rapidly and soon tho anther lobes become 
differentiated The calyx primordia on the other hand remain as mere 
angular projections and do not devolop any furthei (Text-figs 4 and 5) The 
last floral whorl to appear is that ot the two carpels which originate on tho 
thalamus close to the inner side of tho stamens (Text-fig 5) They remain free 
in the early stagos of their development but very soon cohore and form the style 
(Text-fig 0) At the top, however, thoy remain freo (Text-fig 7) A flask¬ 
shaped oavxty la seen at tho base of tho carpels, where tho ovule originates as 
a minute protuberanco (Text-fig 7) 

It has been suggested that in many Composite the style is spirally coiled 
at the base and by its elongation at maturity, it brushes against the anthers 
and thus secures self-pollination Careful examination of tho presont material 
showed no such arrangement As stated before, the tip of the style is divided 
and olothed by unicellular hairs Pollination is brought about by the sigmatic 
thrust which is developed on account of an actual increase m the length of the 
style due to the cell-elongation or growth, as suggested by Merrell (12) 

The florets appear to be all of the same type and those at the margin 
of the capitulum open first Generally, it takes from four to bix days for all 
the florets of a capitulum to open Tho colour of the corolla becomes deeper 
with the fading of the flowers 

The sequence of development of the floral parts agrees olosely with the 
aocount presented by Margin (11) for Aster, Merrell (12) for Silphtum and 
Bhargava (1) for Ecltpta Merrell (12) found the calyx to be of the nature of 
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Text-figure* 1-7. Carihomut tinetonue Development of the flower Figs 1 and 8. 
The flower primordia and the appearonoe of petals, Fig 3. The origin of stamens; Fig 4. 
The first appearonoe of calyx as angular projections, Fig 6 Development of the sepals 
a-TTi ri carpels; Figs. 6 and 7 The further development of the different floral whorls as also 
the origin of the ovule, x 100. 
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rudimentary pappus composed of two or throe whorls of short hairs Each 
hair being composed of about three cells In Carthamus no differentiation 
of the calyx was noted 

As noted in other spocios of the Composite}, the nectary was found to 
occur in the iorm of a ring at the base of the style (Text-fig 7) 

(6) Microsporogenesis —In tho early stages of its devolopmont the anther 
is composed of a mass of homogonous colls which are polygonal m outline and 
are m an active state of division The origin of tho archesponal cells m 
the anther could not bo definitely tracod It appears that they dovelop in tho 
hypodermal layer, cut off a parietal layer, and then difterentiato as the 
sporogenous cells In very young anthers the sporogenous cells have boen 
observod to occur in tho third layer, they could bo easily mado out on account 
of their larger si7e, denser cytoplasm, and ehromaticity of the nucleus At 
first the sporogenous cells are only one layer thick, very soon, howevci, they 
divide by oblique walls and become two layered 

Small (18) observed the occurrence ot tho archesponum to bo distmctly 
hypodermal in Senecio vulgaris Merrell (12) also noted the presence of a single 
hypodermal coll in Etlphtum, whu h by division gave nse to tho primary parietal 
and primary sporogenous colls Longitudinal division of the primary sporo¬ 
genous colls finally gave rise to a mass of four or five cells in cross section 
Bhargava (1) working on Ecltpta erecta states, ‘ the aichesporial oells are rather 
late in differentiation and cannot be distinguished from the other cells of the 
anther till a parietal coll has been formed on the outside ’ 

The nuorosporo mother cells in the resting stage are mostly polygonal 
in outline and have dense cytoplasm and conspicuous nucloi Tho nuclear 
membrane is well defined and the nuclear cavity is filled up with a granular 
substance which is disposed mostly at the periphery (Plate I, fig 1) With 
the onsot of prophase the nuoloar cavity shows the presence of a number of 
coiled threads whioh on close examination show the presence of two chromo- 
nomata elosoly intertwined (Plate 1, fig 2) Gregory (8) working on 
ElfUarxa has observed a similar appearance of tho prophasio nucleus The 
reticulum gradually contracts away from the nuclear membrane (Plate I, 
fig 8) and the contracted knot (symzetic knot) generally lies on one side of 
the nuclear cavity enclosing the nucleolus in its meshes The symzetic knot 
is very tight and it is very difficult to follow tho arrangement of the threads 
inside it Figure 4 (Plate I) represents a stage of symzesis In no case was a 
distinct connection of the nucleolus with the spireme noted, nor was there 
any evidence to suggest a transference of chromatio matter from the nucleolus 
to the spireme 

There are different views regarding the appearance of the symzetic knot 
whioh are too well known to be repeated The author concurs with the 
opinion of Gates and Nandi (4) expressed m a recent paper that, ‘ symzesis 
itself probably represents a sensitive condition of the nucleus when the delicate 
threads are easily compacted together by the entrance of the fixing agent ’ 
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There is distinct evidence as to the growth m sizo of the nucleus dunng 
symzosis and post-symzotic stages Tins confirms Gatos and Rees ’ (5) obsei va- 
tion on Lactuca 

The contracted spireme gradually unravols itself and loops are thiown 
out from the contracted mass The spireme emerges as a more or less conti¬ 
nuous thread (Plate I, fig 5) though occasionally free endH may bo obsorvod 
Parallelism of the threads is not apparent at this stage but at tho next stage 
certain portions of the threads appeal to bo double in structure The thread 
gradually thickens as it fills up the nut lear cavity and apjiears as a Ioobo coilod 
rope (Plate T, fig 6) ThiH is tho pachynema stage No distinct second 
contraction stage with radiating loops has been observed in this material, 
though the spiremo was observed to be greatly convoluted before segmentation 
Tho segmented bits of spireme show then double nature very cleaily (Plato J, 
fig 7) and from the nature of the segments, and the absence of the bionchonema 
stage, it appoars that chromosomo conjugation is of tho parasynaptie type 
m this plant Tho segmented bits of spireme next thicken and shorten to 
form the typical bivalent chromosomes (Plato I, fig 8) At tins stage tho 
nuclear membrane becomes indistinct and tho nucleolus also becomes reduced 
in volume though its cliromaticity remains the samo as before Gradually 
tho bivalent chromosomes roach their maximum condensation and tho nucleo¬ 
lus becomes smallor and paler m appeal anco and finally disappears At this 
stage the pollen mothor cells separato from one anothor and round off In 
the different spocies of Laduca studied by Gates and Rees (5) tho pollen mother 
oells frequently separated from one another even before synapsis Sueli a 
condition is, however, rarely mot with in plants 

Dunng diakinesis, the gcmxni which attain their maximum condensation 
generally lie scattered at the periphery of the nuclear cavity The two 
members of a bivalent pair generally ho side by side but some of them show 
the presence of chiasma Dunng this stago the nuclear cavity shows the 
presence of faintly staining delicate fibres from which a multipolar spindle 
is organized The multipolar spindle very soon assumes the bipolar form and 
the chromosomes are arranged m a regular manner in tho equatorial region 
of the spindle (Plate I, fig 9) Though the chromosomes are very much 
condensed yet their bivalent nature can bo made out whilo they are oriented 
on the spmdle A polar view of an equatonal plate at this stage clearly shows 
12 bivalent chromosomes (Plato I, fig 13) The anaphasic separation of 
the ohromosomes appoars to be quite regular and no irregularity m the move¬ 
ment or distribution of the chromosomes has been noted On reaching the 
poles the chromosomes at first clump together but very soon they separate 
and a fi la mentous structure in which two closely intertwined threads 

may be seen A nuclear membrane is secreted and the whole thing assumes 
the form of a phragmoplast (Plate I, fig. 10) The spindle fibres at this stage 
are represented by striations in the oytoplasm. The interkinetio stage is of 
short duration. Dunng the homotypio division the spindles are arranged 
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either at right angles, or parallel to eaoh other (Plate I, fig 11) Polar views 
of equatorial plates show the presence of 12 chromosomes The chromosomes 
are somewhat curved and to a certain extent they resemble the somatic 
chromosomes As statod before, Patel and Narayana (15) also found 12 
haploid ohromosomes in the plants they studied But Gregory working on 
Coimbatore types found the 2n number to bo 20 From the evidence obtained 
m the present investigation the haploid number of chromosomes m Carthamua 
ttnctonus appears to be 12 It is at this stage that the protoplast secretes a 
muoilaginous substance which completely encases it As in division I, no 
irregularity during division II was noted On the completion of the division 
four nuolei are organized m which a few chromatic dots and somewhat elongated 
ohromosomes are noted The four nuclei are, however, seen to be connected 
to one another by fine stnations of the cytoplasm which disappear later 
Cytokinesis takes place by the method of furrowing The furrows ongmate 
at the periphery equidistant from one another and gradually cut inwards 
and meet at the centre The young microspores at first lie onolosod in the 
mucilaginous envelope (Plate I, fig 12), but gradually this envelope disorganizes, 
and they lie free inside the microsporangium Each microspore when first 
liberated has a somewhat shrunken appearance (Plato I, fig 14) but they 
become round vory soon, and the exmo becomes slightly thickoned and shows 
a number of fine spine-like projections They are urn-nucleate In optical 
seotions the presence of three furrows is noted on the exme In surface view 
these appear as slits on the wall At this stago the tapetal tissue shows signs 
of activity As previously statod tho tapetal cells are uni-nuoleate, hut they 
become bi-nucleato by mitotic division during the time when the pollen 
mother cells are in the symzotio stage Multmucleate tapetal cells have not 
been observed in this material Tho tapetal cells grow inwards, and send out 
projections in the anther cavity Vory soon, however, the cytoplasms of the 
different oells fuse and a plasmodium is formed which fills the anther cavity 
and surrounds tho young microBpores The tapet al nuclei he freely distributed 
in tho plasmodium and some of them are seen to he close to the young micro- 
spores (Text-fig 8) The nuclei are irregular in shape and contain fine 
chromatin granules Juel (10) and Tischler (20) working independently on 
Stlphtum lacinxaium observed that the tapetal cells get m between the pollen 
grams, but they do not fuse completely Tho plasmodium, though it encloses 
the young nuoroeporos, is only in contact with the tips or spinous projections 
of the microspores in the initial stages But later, with the disorganization of 
the plasmodium, it is observed that a certain amount of the plasmodium 
substanoe has been incorporated on the exme which now becomes very thick 
and shows a number of blunt projections (Text-fig 9) It is interesting to note 
that Merrell (12) working on Silphium observed collection of plasma aronnd 
the spores whioh were later encrusted by it m tho form of a sheath The 
pollen grains though uni-nuoleate at this stage show prophasio changes in 
the nuolei. 
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The mature pollen grains have three germpores Three nucleate pollen 
grains have been noted in Carduua and CenUiurea m the tribe Cynarese 




Text-figures 8 and 9. Carthamus hnclortus Fig 8 Pollon grains surrounded by 
tapetal plasmodram. X 300, Fig. 0 A pollen grain on tho outer surfnco of which the 
plasmodial substance has been incorporated. X 1800 

(c) The Development of the megasporea and the embryo-sac —When the 
miorospore mother cells aro in the synizotie stage a short blunt hemispherical 
protuberance is seen in the ovarian cavity Its position is slightly posterior 
and it grows obliquely upwaids This is the ovule primordium, which very 
soon curves inwards and from the centre of this body a tiny protuberance— 
the nucellus—threo colls in thickness, projects out (Text-fig 10) The integu¬ 
ment next becomes differentiated It grows more rapidly than the nucellus 
and by its curvature brings about an anatropous condition of the ovulo, oven 
before the differentiation of the megaspore mother oell Very soon a hypo- 
dermal cell at the tip of the nucellus becomes differentiated as the archesponal 
cell and directly functions as the megaspore mother cell (Text-fig 11) Two 
megaspore mother cells lying side by side have been noted in some preparations 
(Text-fig 12) Schnarf( 10) mentions the occurrence of two megaspore mother 
oells in Adenoetyles alltanct The nucellus at this stage is long and very much 
reduoed and a single layer of epidermal cells enclose it completely. The 
integument at this stage becomes clearly differentiated as shown in text- 
figure 11 The megaspore mother cell next increases in size and then passes 
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through tho various stages of reduction division (Text-figs 13 and 14) On 
the completion of tho homotypic division a linear tetrad of macrospores is 
produced (Text-fig 15) No ‘T-shaped’ tetiad has been observed Tho 
thaluzal matrospore alone functions while tho lost degenerate (Text-fig 16) 
It is interesting to note that in the tube Calondule® the nucropylar megaspore 
usually forms the embryo-sac, w bile in tho tribes Asterea 1 , Cichonete and Sene- 
cioneie oithei the nucropylar or the chala/al mogaspoit* has been found to 
function During the linoar tetrad stage tho epidermal colls eovormg the 
nuccllus first show signs of degeneration Tho functional megaspore soon 
divides to form tho two nucleate embryo-sac A central vacuole is noted and 
tho nuclei boc ome equally distributed at tho two polos (Toxt-fig 17) At this 
Htago the colls of tho mioropylar canal grow out in tho form of hairs Othor 
mvostigators 1mvo noted the presence of such hairs in a number of Composite 
These hairs mo nth in plasma and aio always directed towards the cgg- 
appaiatus Tho quadu-nuclcate stages is next leat lied and the organization 
of tho ombryo-sac remains tho same as before (Toxt-fig 18) At this stage 
the embryo-sac is considerably olongated and tho epidermal cells suirounding 
tho nucolluH have degenerated completely, and tho mtegumontaiy cells imme¬ 
diately surrounding tho embryo-sac have become well differentiated and 
mcroased considerably m a radial direction Those colls form what is com¬ 
monly referred to as tho ‘ integumentary jacket ’ (Text-fig 17) The eight 
nucloate stage, which follows soon, shows an increased size of tho embryo-sac 
cavity as woll as tho vacuole in tho centre Tho nuclei aie distributed equally 
at tho two poles of the embryo-sac Tho mature embryo-sac is typical of the 
angiosperms, but it is somewhat broader in the contral region and constricted 
at tho two ends Duo to the disintegration of the nucollar cells capping the 
embryo-sac, the tips of the synergids projoct out and lie inside tho micropylar 
cavity (Toxt-hg 19) Tho synergids have very pointed beaks and dense 
cytoplasm at tho distal jnirtion and the nucleus lies just above tho vacuole 
which is placed at tho proximal end The presence of synergid haustoria 
winch has boon found by Dahlgreen (2) and others in some plants of this 
family has, however, not been observed The egg is suspended between the 
synergids and has a large vacuole at its upper portion, and its nucleus is larger 
than that of tho synergids The two polar nuclei lie very close together and 
in the centre of the embryo sac Prior to fertilisation they fuse, the fusion 
nucleus appears to be larger than the egg nucleus, and the nucleolus shows the 
presence of a large number of vacuoles This has also been noted by Merrell 
(12) Opperman (14) working on Aster states that m some instances fusion of 
the polar nuclei may be delayed until the time of fertilisation, but ordinarily 
the fusion takes place before the pollen tube discharges its contents into the 
embryo-sac The antipodal cells, which are three m number, are usually 
situated one above tho other in a row, they lie in the chala&al end of the 
embryo-sac The nuclei gf the antipodal oells soon divide and very soon two 
nuolei are seen in most of the antipodal cells A similar condition of the 



Text figures 10-19 Crtrlhamun hnotonus Fig 10 The early curvature of the 
ovule and the origin of the nuoellus X100, Fig 11 The differentiation of the megaspore 
mother cell in the hypodermal layer. X 400, Fig 12 Two megaapore mother oeQa lying 
side by aide. xOOO, Fig 13 Megaapore mother oall in early prophase X900, Fig 14 
Heterotypic division. X»00, Fig. 15 Linear tetrad of megaaporea. X 1600j Fig. 16 
Functional megaapore and three degenerated m egaa por ea. X 900; Fig. 17. Bt nuol e at e 
stage of the esnMyo-aao. X 900, Fig. IS Quadrinuoleate stage of the embryo-aao. X900; 
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antipodal cells lias been recorded m Dahtlta mrtabtlts and Tagetes stgnaius. 
Schnarf (10) gives a complete account of the variation m the number and 
form of the antipodal cells in different tribes of the Composit® He, howover, 
states that no information is available as to the nature of the antipodals in 
Cynare® Tackholm (10) has reported as many as forty nuclei in an 
antipodal cell of Cosmtdtum bumdgeanum and Morrell (12) also gives an 
account of tho variations that are commonly noted m antipodal cells 

(<i) Fertxlxsatwn —The ovule, as also tho embryo-sac, olongate considerably 
before the entry of the pollen tube, and the egg also becomes very much 
elongated The nucleus lies at the lowoi portion and a big vacuole lies above 
it The secondary nucleus lies close to the egg At the time of the 
entry of tho pollen tube no traco of the synorgids or antipodals aro notod m 
the embryo-sac Synorgids were, however, notod to bo present at the time of 
fertilisation by Mottier (13) in Senecto Tho pollen tube enters the embryo-sac 
through the mioropyle Poiogamy apjiears to be the rule in this family, but 
Doll (3) found two cases ol ohalazogamy m Blaxnvxllm ihomboidea The 
tip of the pollen tubo appears to bo somewhat swollon whon inside tho ombryo- 
sac cavity (Text-fig 20) Lt appears that the vegetative nucleus degenerates 
boforo the pollon tubo entors the micropyle, as it was not observed in any 
preparation On the othor hand a number of preparations showed the presonie 
of two small nuclei, ono preceding tho other and lying vory close to the tip of 
-tho pollon tube Such nuclei wore also seon in the embryo-sac cavity close 
to tho ogg and the secondary nucleus Fiom those tacts, ono is inclined to 
believe that thoso are the generative nuclei Actual fusion of the male and 
the female gametes, or the process of double fertilisation has not been 
observed 

Tho form of tho generative nuclei m Cartkamus appears to be sphoncal 
Spherical generative nucloi have also been observed by Mottier (13) and others 
woiking on the family Composit® Merrell (12) states that tho male nucloi 
when first formed aro approximately spherical, but in the later stages they 
become very much elongated and resolve into a spiral He further states 
that preparations showing the nuclei at the tip of the pollen tube indicate 
that the sex nuclei have assumed a spherical form 

(e) Endosperm and Embryo —After fertilisation tho egg rests for some time 
bofore it uommenoes activity The definitive nucleus, however, divides very 
soon Though the first division of the definitive nucleus has not been ob¬ 
served, yet tho presence of a few nuclei at the micropylar end of tho embryo- 
sac and olose to tho fertilised ogg undoubtedly indicates that it divides first 
The endosperm is of the nuclear type, and grows by mitotic division No 
irregularity in the different stages of division has been observed Although 
it has not been possible to count accurately the number of chromosomes in the 
endosperm nuclei, yet it can safely be stated that it is more than the 2» number 
of the plant With the increase in sizo of the embryo-sac cavity the endosperm 
cells divide rapidly and form a lining layer around the sac It later fills in 
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the embryo-sac cavity from the chaJaza] and nut ropylar ends At this stage 
wall formation of the endosperm tells ih noted first at the muropylai end 



Text-fig 20 Carthamu* Ixnrtonus Pollen tube with the generative nuclei. x80<) 

and gradually oxtonds downwards The nuclei of the endosperm cells contain 
many nucleoli which, however, differ in size It is interesting to noto that 
tho ogg after syngamy increases in size and betomos considerably elongated 
It appears as if it. was suspended by two cytoplasmic strands from the muro- 
pylar end of the embryo-sac (Text-fig 21) The first division is transverse, 
resulting in an apical and a basal cell, of which the former is considerably 
larger than the latter (Text-fig 22) As observed in many other species of 
the Composite, the basal cell forms the greater part of the embryo, and tho 
apical cell by division forms the suspensor and part of the embryo The 
apical cell later divides by a transverse wall and a three-celled pro-embryo is 
produoed (Text-fig 23) Tho terminal cell of the pro-embryo next divides 
by an antichmcal wall, followed very soon by penchnical walls to form the 
quadrant stage of the embryo (Text-fig 24) At this stage the embryo be¬ 
comes globular in outline 

In the octant stage the four superior octants give rise to tho cotyledons 
*nd the stem tip, while the four inferior octants give rise to the hypocotyl 
and the primary root The hypophysis cell, which becomes differentiated at 
an early stage of the development of the embryo, generally divides when the 
three histogenic layers are laid down, and contributes to the apex of the root 

Tho first division of the hypophysis cell m this plant is longitudinal as 
shown m Text-figs 25, 26 and 27 Its later divisions have not been traced 
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Text-fig 30 shows the development of the cotyledons The differentiation 
of the stem tip has not been observed and it appears to differentiate very late 
The suspensor generally consists of four colls bat in certain oases it was 
found to (onsist of 8 cells (Text-figs 28 and 29). 
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Text-fig 30 shows the cotyledon with the three lustogenic layers differ- 
entiatad 

Summary 

Tho paper gives an account of the developmonf of the flower, pollen 
grains, and the embryology of Carthumu# ttncionvs 

1 The development of the floral parts ouuis in the following succes¬ 
sion —petals, stamens, sepals and carpels The sepalH do not be< ome diffei - 
entiated but remaui as minute angular projections The opening of tho florots 
takes place from the periphery inwards, and it takes from fom to six days for 
all the florets of the capitulum to open 

2 In the early stages of the development of the nuorosporo mother cells 
the nucleus shows the presence of a number of coiled threads which appear to 
be double The threads contract into a tight knot and on rooovery fiom 
synizesis the double nature of the spireme is not seen Chromosome conjuga¬ 
tion is of the parasynaptu type There are twelve diploteno pairs which 
show the presence of terminal and interstitial ohiasma Tho haploid number 
of chromosomes is 12 The chromonematu stiuoturo of the chromosomes 
is apparent at the mterkmetic stage Aftci the II division the murospores 
are enveloped in a muoilagmous pellicle and show a tetrahedral arrangement 

3 Tho tapetal oells of the anther develop into a plasmodium which fills 
tho anther loculus completely when tho young microspores are formed Some 
of the plaHinodial substance appear to be incorporated on the spiny exino of 
the pollen grains which then becomes differentiated as blunt processes The 
microspores have three germ pores 

4. The development of the female garnet ophyte is of tho normal type 
The megaspore mother cell is hypodormal in origin Two mogaspore mother 
cells have been noted to occur side by side A linear tetrad ot megasporea is 
produoed The ohalazal megaspore becomes functional and gives rise to an 
eight nucleate embryo-sac The mature ombryo-sac is of the normal angio- 
spermous type The antipodals are binucloate The cells of tho integument 
lining the micropyle grow out m the form of hairs and these are directed to¬ 
wards the egg apparatus 

5 Fertilisation is porogamous The synorgids and tho antipodals 
degenerate completely before the entrance of the pollen tube into the embryo- 
sac The secondary nucleus lies very close to the ogg at the time of fertilisation 
The sperms appear as spherical nuclei 

6 The division of the endosperm nuoleus occurs prior to that of the egg 
and the endosperm is of the nuclear typo The zygote divides first by a 
transverse wall The further development of the embryo appears to be that 
of a Gapsdia type The suspensor is composed of four to eight oells The 
three histogenio layers become differentiated m the embryo before it attains 
full development 
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Explanation ok Platk I 
Oarlhomus Uncionut Linn 

Fig 1 A sporogenous cell showing tho formation oi reticulum 

Fig 2 Early prophase The chromoneinatio structure of the chiomoHomos seen 

Fig* 3 and 4 Rtagrw in svnizesis 

If ig 6 Recovery of tho nuolous lrom Nynapsis 

Fig 6 Pachynema 

Fig 7 Early diakwesis The presence of ohiaama evident in the bi valonts 

Fig 8 Diakinens 

Fig 9 Heterotypic inetaphase 

Fig 10 Interkinesis The chromosomes connected by anastomoses 
Fig 11 Homotypie division 

Fig 12. Pollen tetrad enclosed by a mucilaginous membrane Tetrahedral arrangement 
Fig 13 Polar view of an equatorial plate (1st Div ), 12 chromosomes seen 
Fig 14 A imcroepore not fully developed 

All figures were drawn with the aid of a camera lucula at a magnification, x 1000. 





ON THE PHOTO-IONIZATION OF MOLECULES. 

By B. D Nag-Chowdhuri, M Sc, late Research Scholar, Allahabad University 
and K Basu, D Sc , Calcutta University 

(Communicated by Prof M N Saha, D So , F R S ) 

(Read January 2, 1940 ) 

1. Introduction 

The subjeot of photo-ionization of molecules has hitherto reoeived Boant 
attention both from experimenters and theoretioal physicists The importance 
of the subjeot was first pointed out by Prof M N Saha (1935), who suggested 
that the electrons in the ionosphere may, m part, be duo to the ionization of 
N 2 to N a + and 0 2 to 0 2 + , oaoh in two different ways The present attempt 
dealing theoretically with the photo-iomzation of H 2 to H 2 + was made at the 
suggestion of Prof Saha, as it was felt that the cases of N 2 and 0 2 are rather too 
oomplex and a start might be made with the H 8 -niolooule in this direction, 
on account of simplicity of structure of the latter 

We have not been able to trace any previous theoretioal attempt on this 
problem Regarding the experimental work, the following report in Die 
Physik by Joos and Fmkelnburg (1935) and Prof Saha’s remarks on the 
same may prove interesting • 

’Ionization oontinua of molecules have not been demonstrated so far, 
and the only attempt hitherto known to explain absorption oontinua of a 
polyatomio molecule was by Henning (Ann der Physik , 13,599,1544) and the 
ionization speotrum is not at all convincing. Since the ionization continua 
must naturally be possible also m the case of molecules, it remains to be investi¬ 
gated why photo-iomzation of molecules is apparently such an improbable 
prooees The scheme of molecular potential curves of which we shall speak 
later (Section on molecular continuum), and the Frank-Condon Principle 
which controls transitions between molecular states appear to offer a possibility 
for its explanation. In the term-scheme, it is usually found that the conti¬ 
nuous eigen-spectrum corresponding to ionization are usually superposed 
on the continuous eigen-value region of different excited states which lead to 
dissociation. According to Frank-Condon Principle, the transitions from the 
ground state are very probable, and if we consider the part of the transition- 
probability due to the electron it is apparently more probable than transitions 
to the continuous eigen-value spectrum corresponding to ionization. The 
following observations seem to hold generally:— 

The ionization of a molecule by light-quanta appear to be less probable 
than dissociation of the molecule by absorption of the‘same light-quanta into 
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a nor mal and an exoited atom with a certain amount of kinetic energy In this 
way, we oan understand why extended intensive dissociation contmua of 
molecules have been obtained, while molecular photo-ionization has not been 
shown' 

With respeot to the above remarks Dr Saha has been kind enough to 
oommumcate to us the following — 

‘While agreeing mostly with thoso remaiks, it may be pointed out that 
Joos and Finkelnburg have probably omitted to mention one significant 
oause of the absence of any experimental proof of molocular photo-ionization 
In the oase of most of the ordinary gases, this lies in a region whore absorption 
experiments are extremely difficult, and have not therefore been properly 
oamed out For example, for H 2 it begins at \ 840, for 0 2 at A 1019 (feeble) 
and at A 747 (strong), for at A 794 (feeble) and at A 660 (strong) The 
samo remark may be made with respect to other gases Tho other cause 
mentioned by Joos and Finkelnburg is of courso effective, but the proportion 
of photons which causo dissociation may be widoly different for different gases 
and neods investigation ’ 

Let us see how previous workers are correct in their assumptions on tho 
variation of photo-ionization with frequency Let us denote tho absorption 
coefficient by t(k) and the frequency by v Pannokoek (1920) and Chapman 
(1931) assumed that tho r(i/)/v-curve for molecular photo-iomzation is of the 
same nature as the atomio photo-iomzation curve, te t(v) begins with a 
maximum value at the threshold value of v = v 0 , hv Q = cF 1 where V x «=» the 
ionization potential, but diminishes with increasing v as l/v 8 roughly It is 
evident that this assumption is incorrect for molecular photo-iomzation, for, 
the oase of moleoules is complicated by the fact that the nuclear distance 
changes in course of ionization We illustrate by taking tho case of the 
Hg-moleoule The prooess of ionization of H a may bo illustrated symbolically 
as 

Iso l«o-*lso np (op) 
or Iso lso->lso nso 

te one electron goes to infinity by having its 2-quantum changing from 
0(1*) to l(mp) and the total quantum number n-t-oo But the nuclear distance 
in normal H a is 0 749 xlO"® oms while m normal H 8 + it is 1*070x10"® cms. 
According to the Frank-Condon Principle, during an electron-transition, the 
nuolear distanoe remains unchanged, when applied to the present oase, this 
means that •ion will be left in a vibrational state, with a large value of V, 
the vibrational quantum number Hence the strongest transition will be from 
F'm 0 to V' =■ some integral number, but the transition V* ■* 0 to V' «* 0 
is expected to be rather feeble, as the nuolear distance m H 8 + for V' mm 0, 
its., the 1*070X10"® cm is very different from the nuclear distance in H t , 
vtt , 0*709x 10"® om Henoe, the lowest frequency v » v 0 +Jo*' (**o being the 
electronic transition frequency, «o' =* normal frequency of nuolear vibration of 
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H 2 + ) will be rather very feebly absorbed The strongest absorption will take 
plaoe at the frequency v = v 0 -HF'+$) oV where V' is the particular quantum 
number for that vibration of H 2 + when the least distance between the nuclei 
of H a + is 0*709 X10 -8 cm 

The investigations whioh are reported below have confirmed these 
expectations 

2. Calculation op Photo-ionization 

Let Iqjt be the intensity of a beam of light of frequency v initially, and 
Ifr the intensity after the beam has passed through a length {cms of a gas at 
N.T P Then wo have 

Ifr = I 0 v exp (-«,*) - V exp (t(v)N l) . (1) 

where r[v) is absorption per molecule, N the number of moleoules per o o. 
Then the absorption coefficient t(v) as given by Bothe (1933) is given by 

T(v)dv=.^|M tl -| 8 (iE . . .. (2) 

where | M tt * | denotes the transition probability from a state k ioV associated 
with the absorption of a photon hv, and dE, the rango in energy In the present 
case, we should remember that the transition is from a 4 bound ’ state of the 
electron in the hydrogen molecule to a 4 free ’ state of the electron m the 
ionized hydrogen moleoule The matrix component m Eq (2) is defined 
by the equation 

.( 8 ) 

where ip t is the wave function of the initial state (of the H s moleoule), that 
of the final state (of the molecule with the 4 freo * electron m a continuous 
energy state), [M] is the electric moment (a function of all the co-ordinates 
mvolved), and the integration extends throughout the entire space whose 
element is dQ 

The assumption we have to make in our case is, as proposed by Bom 
and Oppenheuner (1927) and followed by Hutchisson (1930), that the eigen¬ 
functions ^(Hj), ^ r (H 8 + : e) are products of electronic, vibrational and rota¬ 
tional eigen-funotions, further, let us assume that the functions ^ fc (H 2 ) and 
^ f (Hj + : e) are normalized, and the nuclear distance is regarded as a constant 
parameter while the integration is oarried out over the electronic co-ordinates. 

We proceed according to Condon (1928) and Hutchisson (1930), and split 
up the eleotno moment [M] into sum of two moments, ».e. [M] " M*(r)+ 
M„(^) where M # (r) is the eleotno moment associated with the electronic 
transition and M^g) that associated with the vibrational transition corres¬ 
ponding to a change m the intemuclear distance q. Next, let us split up the 
eigen-funotions ^(H t ) and t) into ^i(«)^i(t#i(m) and ^(e)^(«#*(»»), 

where e, v, m respectively stand for eleotromo, vibrational and rotational 
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motions The suffixes 1 and 2 in the eigen-functions refer respectively to the 
initial (H 2 ) and final (Hg + e) states Thus 0 x (m) denotes the eigen-function 
for rotation only m the initial state, and 0 2 (m) the same m the final state 
Similar interpretations are implied for the functions 0i(«), 0 2 (v) and ^(e), 0 2 (e) 
One must guard against the confusion that 0i(m), ^i(v), 0 x (e) are the same 
funotions of m, v, e anymore than 0 2 (m), 0 2 (v), 0 2 (e) are the samo functions of 
m, v, e respectively To avoid cumbersome notations with regard to the 
above funotions, we have used those simplifications, whose import is quite 
evident 

Splitting up the eigen-funotions of 0(H 2 ) and 0(H 2 + e) into 0i(e)0i(t#i(*n) 
and 0 2 (e)0 2 (r)0 2 (ro) respectively, we get 

■ JJ/0i(«)^i(v)^i(w)[M]i/r 2 (c)0 2 (w)i/» 2 (m)dr} 

= JVi(w) 0 2 (m)<i 0 J jip 1 (e)tp 1 {v)[U e (r)+M v {q)]ip 2 (e)ifi i (v)dQ e dQ t> ( 4 ) 

where J d£i„,j .d£i e denote integration with respect to olootron co-ordinates 
and nuclear co-ordinates respectively The above can bo further split up into 
prmoipal parts Thus 

I Mw I - JW»)A(*wQw«)«*W/AWM.( ! )«.)<lfl, 

+JW.)W.)dO„JW«)M,(r)*(e)ifl,] (6) 

The H 2 + -ion together with the oleotron in the continuous energy state can be 
regarded as an excited state of the normal H 2 -moleculo This means that 
0 x (e) and 0 2 (e) are orthogonal to each other, and consequently tho contribution 
of the first part to | M*y [ is ml The contribution due to the second 
part oannot be zero, in general, as the vibrational states do not refor to 
the same moleoule, % e J0i(»)0 2 («)dfl c ?tO The transition probability thus 
reduces to 

I Mw | - (6) 

The first factor of | | tnz, J0 X (m)0 2 (ro)<f0 involves the rotational 

states, and, at any rate, contributes a constant which may be taken to be 
unity, whatever be the nature of transitions (vide Condon, Phys Rev , 
Vol 32, p 868, 1928, line 9), we may leave this part out of acoount for our 
future treatment. The seoond factor, tnz , J0i(t>)0 2 (t>)eW?* concerns nuolear 
oscillation This is taken up subsequently. We consider now the third 
faotor, vtz , J0 1 («)M 4 (r)0 2 (e)dO, Here 0 x (c) denotes the lowest state of the H s - 
moleoule which can be regarded as being made up of two H-atoms in the Is 
states. We have therefore 

*i(«> - y £±g u ( 62 )i« ± «Wb • • ( ? ) 

where «(ol)i, is the normalized wave-function of the H-atom with electron 
(1) in the ls-state with respeot to nucleus (a). Similarly for the other «’s. 
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In Hartree units we have (vide Bethe, Handbuch der Physik, 24, p 284, 
Eq (3. 18), 1934): 

tt(al)i, = 2exp(-r al ), u(o2) lf = 2 exp (-r^) ,1 

«(61)i,» 2 exp (—r M ). u{b2) lt = 2 exp (-r 62 ), f ' 

and 

S* = J|ti(al)„ u(61)„ u(a2) u »(62)i, iifl, iO, 

= [J«(«l)i. (9) 

Tho integral 8 was originally introduced by Suguira (1927) and has the value 
(l+g+<7 2 /3) exp(— q) m Hartree units, q = nuclear distance in the Bame units 
As is well known t/q(e), as expressed by (7), is only an approximate form and 
represents tho zorooth order of approximation 

As regards 0 2 («), the wave function of H 2 + and the free electron, we can 
follow the method of Heitler and London (1927), by replacing one of the eigen¬ 
functions by a continuous eigen-function denoting ooS-state Further improve¬ 
ments on the Heitler-London modol of H 2 have been worked out by Wang 
(192&), Hylleraas (1931) and others, but for the present we stick to the HL- 
modol 

Let u(al)„ represent tho normalized wave function for the continuous 
state of the H-atom, the electron 1 being in a continuous positive energy state 
with respect to the nucleus ‘ a* and let ‘cs' denote that the electron is in the 
continuous energy state with l = 0 The energy of the free electron may be 
anything from 0 to oo Sinularly, the continuous state may be a p- or a d- 
state represented by u(al) cp or u(al} c j and so on Following Kemble and 
Zener (1929), wo may consider the wave-functions of the excited states of H 2 + - 
moleoule as built up of an excited H-atom and a normal H-atom, the electron 
in tho excited H-at6m being in the oo a or oop states The cop state again gives 3 
^-functions according as the m-quantum number is 1, 0, or —1 Thus there 
will be four ^-functions representing the H 2 + -molecule whioh consist of the 
first electron in the ls-state with respect to the nucleus ‘a’, and the second 
eleotron in oos or cop (1,0, — 1) state with regard to nucleus' b * If we exohange 
nuclei, or electrons, or both, we get three more sets of wave-functions Each 
set consists of 4 wave-functions denoting the ooa and cop (1, 0, —1) states. 
These aro Kemble and Zener’s 10 wave-functions Exactly similar expressions 
may be obtained for the electrons m the continuous state, which may be cod 
or oo/ states, etc , giving an infinite number of wave-functions 

At the outset, however, we shall confine our attention, for the sake of 
simplicity of treatment, to the simplest transition, viz , from Is* to (lsoos) 
state This gives us only the LE^-state, but other ^-states with the same 
energy-value will arise, from combination lsoo pa, ltaodo, but these Are not 
considered here. We obtain, in that case, four wave-funotions by interchange 
of nuolear and electronic co-ordinates. These are 
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0(1) - «(al)i < «(62) ei ; 0(2) = «(a2) u v(bl) u A 

0(3) *** ti(a2) tt «(61) lf ; 0(4) — «(al)„ u(62)!. ;j ’ ’ 

where 

«(al)„ «- 7 — ^ 2 . — x 

■\/l—exp (—2 jtw ) 2ir al 

- i (f+i)-'"'- 1 (£-»)'“•-' exp (-2iir.ifl<tf ■ (U) 

2 ”i 

and the oontour is taken along a path enclosing the two branchpoints at 
( = ± J For the above expression seo Bothe, loc ctt , p 293, formula (4 22) 
In this latter formula put l = 0 and we get to the result (11) This method 
of writing out the eigen-function of (H 8 + , and e) is of course approximate, as 
in the original treatment of H 2 by Heitler and London, but further improve¬ 
ments may be taken up later on 

We observe that 0(3) is obtained from 0(1), by interchange of V and 
‘6*, 0(4) from 0(2), by interchange of ‘a* and 0(2) from 0(1), by 
interchange of 1 and 2, 0(4) from 0(3), by interchange of 1 and 2 

Using the symbols S E , A E , S N , A N to denote symmetry in the wavo- 
funotions for an interchange of electronic and nuclear co-ordinates, or anti¬ 
symmetry for the same, we form the wave-functions of the H-ion, as a linear 
combination of 0(1), 0(2), 0(3), 0(4) and indicate its symmetry or anti¬ 
symmetry in the electrons or nuclei Thus 

, (H+ .. h- cMm+m+wnm ]. (s B s H n 

■ h =■, (a e s n ) / '' 

* = C.[«l)-«2)-«3)+«4)] , (A E A N ) J 
For normalization we notice that we should have 

» foclQ - J0 8 »dQ « j0 4 «dfl «1 .. 

Let us define the followmg integrals. 

A - J0(l)0(2 )dQ - J«(al) 1# u(61) c /if} 1 Ju(a2) 1 ,tt(62) cl ifl # - X*;' 

B - J0(l)0(3)dfi - J**(al) 1 ««(61)u<U? 1 J«(a2) Cf it(62) Cf <M? 1 - SY; 

C - j0(l)0(4)dU - juialMal)^ Ju(62) 1 .u(62)«dO g - 0; 

D - J0(2)0(3)d£> - jm)um)c^£)iju(a2) u u(a2) u dG i - 0; 

E - J0(2)0(4)d0 - Jtt(ol) ej u(61)„df? 1 Ju(o2) 1 ,u(62) 1 ^ifi a - SY; 

F - j0(8)0(4)dG -r Ju(61) lftt (al) w dfl 1 Jtt(62) 1 ,u(a2) e ^? 1 -X*., 


( 12 ) 

(13) 

(W) 
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We notice that F is obtained from A by interchange of nuclei, E from B by 
interchange of electrons, and C from D by interchange of both nuclei and elec¬ 
trons Further, we have A = F *= X s where X is the integral Ju(ol ) 1i u(61 ) ejiQ x . 
Similarly, wo have B ■ E = SY where S = J«(al) 1 ,u(61) lf dfl 1 and is the 
‘ Suguira Integral ’, already referred to The integral Y <= ftt(a2) ff «(62) c /W? 2 
is entirely of a new type We observe, further, that integrals C and D are 
each equal to zero, from conditions of orthogonality We therefore have 


jjfal)fa2)dS3 x dQ t - jfmtMdQidQi = X*,| 
If+mSWDi = j jH2)mdOid£) 2 = SY.j 


(15) 


Now the conditions deduced give us for the normalizing factors 


p a ___ p __i_ 

1 2\/l+X 2 +SY ’ 8 2Vl+X 2 -SY 

„ 1 P 1 
8 2\/l—X 2 +SY ’ 4 2\/l—S 8 —SY 


3 Calculation of Electronic Transition Probability 

We have already stated that the nuclear distance is to be regarded as 
oonstant during electromo transition, but due to the vibrational transitions 
which accompany the electronic transitions this distance may change con¬ 
siderably The electrio moment corresponding to electromo transition is 
given by 

eO’.i+rai+r.a+ria) f 17 ) 

where r mX eto denote vectors and the summation is vectorial Choosing the 
component of the electno moment along the internuclear axis, *.e., our 
z-axis, we have 

M,(z) « e(r A cos B x +r bx cos fa +r rf cos cos <fa) (18) 

where 0 lt 0 % , fa, fa are the angles Bhown in Fig 1 We need not calculate 
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the M (ar-fty) terms smoe they vanish due to the ^-part of the integral. The 
component perpendicular to the nuclear axis «* where p x , p t 

are the distances of electrons 1 and 2 from the intemuolear axis, and fa, fa 
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the angles between the planes (1 a b), (2 a b) and a fixed plane in spaoe 
passing through the internuclear axis 

\ M,(*+ty) rm~ J[(^ 1 , +0 a / ) [piC^i+p 8 c^](0(l)+^(2)+0(3)+0(4))]dO 

for the transition i/i(H 2 ) (S F S k )->i/<(H 2 + e) (S E S N ) [Cf Eqns 21-24 
below] 

Since p 1( p t are expressible in terms of q, r al , r 41 , eto from elementary 
trigonometry and the tp’a are functions of r ol , r hl , etc only, the above can be 
split up into sum of two integrals M, l {x+iy) and M, 2 (ar+ty) containmg 
e^i difo, e^cUf> 2 as factors respectively in the integrands Since the limits of 
those fs are 0 and 2rr for either of the electron-spaces, both M, 1 and M, 8 
vanish on account of this zero factor Now we have 


r al cos fli+fi! cos <f>i = (r„i 8 -i w 8 )/? = Zi | 
r a s cos B 2 +r h2 cos <f> 2 = (r„ 2 2 —r***)/g = z 2 ] 

(10) 

So we derive 


M.(z) 

(20) 

where 





We have further 

tf(H 2 ) = C(i/»i'+0 2 ') or C'Mi-fa') 

.. (21) 

where 

“ u(ol)i I u(62) lf "I 

.. (22) 

and 

Q H, ^ C' cc ^ 

\/2Hh2S* ’ V2-2S* * 

.. (23) 


We now try to find out the M,(s)-value for the transition* 
«H,)(S I S ,, W(H t + .«)(S E S K ) 

We have 

M.W - y J[(* 1 '+*'){(r„ 1 »-r M »)+(r 0j «-r„«)} X 

x{*(l)+!«2)+!K3)+«4)}]ifl . (24) 

In order to evaluate this integral, we have to deal with 32 terms. Let 
us first oonsider the product of the ^’s which are eight in number. These are 
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A' * ^iV(l) = tt(al)i.tt(al)i,tt(&2) lt tt(52)„; \ 

B' s= sa u(ol) ll tt(61) e ,tt(a2) ll u(62) lf , 

Qf «= tfi^i 3) = tt(al) lf «(61) lf tt(62) 1( ti(a2) el ; 

D' = 0iV(4) = M(al) 1 ,tt(al)„«(a2) 1 ,tt(62) lf , 

E' = <A*W) = u(al)i I ti(51) 1 .u(a2) li «(62) c ,, ( } 

F -> 0»V( 2 ) = M(61) ll tt(61) fl u(o2) ll t4(o2) lf , 

G' am S= M(6l) 1 ,M(6l) ll tt(o2) 1 ,tt(o2) c< , 

H' s= 0^(4) = tt(6l) 1 ,tt(ol)„«(o2) lf u(62) 1 , , 

We observe the following symmetry relations amongst their products By 
interchange of the nuclei ‘o’ and ‘b’, wo pass from A to G, B to H, C to E and 
D to F By interchange of electrons 1 and 2 we pass from A to F, B to E, 
C to H, and D to G 

It is found after some work (Note 1, p 103) that tho integrals contained 
in (24) either vanish, or all reduoe to a single integral, vtz , 

I« Sjtt(fll) 1 ,tt(61)„(r ( , 1 *-r 61 *) < 20 1 (20) 

One oan evaluate this integral by tho uso of olliptio co-ordinates It 
has been shown (in Note 1) that 
I = constant x 
00 1 

i’ll «p(-^(i+2*tt))™p (-f 

where m - , »'-»-* = V"o/(--»o) end 


constant = 


y/2 _ n^S 

10»r y^-exp (— 2vri) 


(27) 


The transitions which give values different from zero can easily be seen 
from the following grouping — 


Ha 

S 

S 

s 

s 

A 

A 

A 

A 

H, + e 

S E A N 

S E SN 

A E S' T 

a e A n 

SKA* 

S ESN 

A E S N 

A E A N 

Tran Prob 

41 

0 

0 

0 

0 

0 

—41 

0 


In the above, 8 against H s denotes S E S N or A E A N , and A against H s denotes 
S E A N or A e S n So that the only transitions which are non-zero are 


S or | 

(8*8® 

[ A N A E 

of H s 

— 

S E A* 

of H a + 

Aorj 

[AES* 

[ 8 E A N 

of H. 

—► 

S N A E 

of Ha + . 
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That w to say, transitions ooour to antisymmetric states of H a + only. The 
transition-probability is now given by 

Miv(z)*’4CC t eI/qor4C'C 8 eI/q .. .. (28) 

where I is given in (27) 

So that the complete expression for M* v (z) is 

~8\7t±P Vi±x*=Fsy Vi~exp (- 2 ^)' /J exp (~ iA?(1+2l ^) 

exp (- \ M (l-2ikt)) . V(A+f*)(f+ir n " 1 (f-i)‘ n " 1 ^/* • • (29) 

We have next to find out the values of X, Y and J, given by 

X- fulaDuMUUM,, Y = J»(a 1)„«(M)«. M ,; 

—JAj(l+2iif)^ «P (-}«(!- iikf)) V(A+(•) • FtfiMpdi, 

where the value of F(£) has been given ante 

The solution of X is given m Noto 2(a), p 105, and that of J, in Note 2(6), 
p 107 As regards Y we observe that lfwe replace u(6,l)„ by tt(a,l)„ then the 
integral reduces to J[u(al)„]* dQ x This integration cannot be camod out 
rigorously, for the exact (/(-function must be replaced by the asymptotio wave- 
funotion (vide Bethe, Handbuch der Phyexk, Vol 24) for the continuous state 
which holds for large distance from the nucleus ThiB simplified function is 
then normalized for a small finite range of energy AE The asymptotio wave- 
function holds for distances where 1/r 2 can be neglected in comparison with 
1/r (♦ « 1/r^l/r 4 ) At such distances one can notioe that r #1 and will be 
almost identical, for then q is very small compared to either of them. Hence 
we may replace r mX for fjj in the wave-funotion Thus the integral 

Y«Ju(al) M v.(b\)cjiQi . .. (30) 

can be given the asymptotio form •fjti(al) ci tt(al) (!l i0 1 . 

Sinoe u(a, 1) M is already the normalized eigen-funotion the integral Y 
has the value unity We have thns 

M^z) - 2CC, e*(2J)/j or 2C / C 1 ek{2J)/q 

_ 1 . 1 . .e*B n’J 

Vl±S* 32* Vl-exp (—2*»') 

The evaluation of the integral J has been given in Note 2(6); so we quote here 
its value 

J-expf-2,'0 1 ( ? )+j±^ j| G,(,)] .. (32) 
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where Gi(g) «* 8(l/g 2 +6/g*) oosh g—24(l/g»+8/g«) sinh q, 

G 2 (g) =• —32(l/g 4 coshg+l/g 6 sinh q). 

The complete expression for the electronic transition probability is given 
below: 


M* (z) - - 


eS exp( — 2n / cot~ 1 n*) 


where 


VI±s* VliX^S Vi —exp (—27m') 

* [rfi* {( s+ i) 008115-3 ( I+ |) Mnt *} 

+ (r^i)’{-i C08M+ ? 8 “ hs !] 

_ eS exp (—2n' cot -1 w') _r/V\j/„. 6 \ . 

V<1±S») (1±X«TS) (1- M p (-2„n'))Lwlv + ?/ q 
-3^1+| l ^8mh?|+ (%\ j-^coeh q+i sinh ? j J (33) 


t(v) 


S = (l+2g+gg/ 3) exp (-g), 

X ■> — ^ (cosh q — - sinh q\ 

l+7i 1—exp (-277W ) \ 9 / 

Hence, for electronic transition, t(v) is givon by 

8tt*v I 


r* 

87T*»**S* exp (—4 n' 




where 


c[(l±S«)(l±X*TS) (1-exp 

i-(?) 4 g;,w} 

(G n (g) “ (S+0/g) cosh g—3(l+2/g 2 ) sinh q, 

] G 22 (g) - -4 coshg/g+4 sinh g/g s , G 12 (g)-G n (g)G 22 (g), 

( v 0 /v - n' a /(l+n' t ), n' - V'oA'-'o) 
or 

/ \ _ 8 w »^«S 2 exp(-4n > oot-iw') j Ao\ 2 2038^Vl 

c [(l±S , )(l±X*TS)(l—exp —27m')] 1° W V*/ J 


(34) 


(34-1) 


for g ■■ 1*418, cosh g *= 2*17 and sinh g m 1*92. 

We oan now oompare the value of r(v) for the electron-transition 
Is* -► l*o* with that for the H-atom Is -> cop For the last, we have according 
to Bethe (1936): 

, . 2* tts* vq* exp (—4n' cot“* n') 

T V " 3 mo »* 1—exp (—27m') ’ 


* ( 36 ) 
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For the threshold frequency, we have v—v 0 and 

t 0 - % — ~ - 1*26 X 10“ 17 cm*. 

3 me v Q 

For the eleotromo part of the molecular transition, we have, aooording 
to (34-1) 

tM = !^^|( ? ) Gk+ (2)* Gm |*q .. (36, 

Here we have wntten r(v) in usual C G S units m plaoe of Hartree units 
m which r(v) in (34) has been expressed For this it has been necessary to 
multiply (34 1) by 2a*/e*, where ‘o’ is the Bohr-radius, ‘2’ representing the 
numbor of electrons capable of making the transition By ‘Q’ we denote 
the complicated expression — 

S B exp (—4 ri oot” 1 n') 

(1±S») (l±X*q=S) 1—exp (—2jrn') * 

Now it can be shown after some work that the above expression reduoes 
to 

TW= ^fe)’M G " + (')°") ,Q ’ " (37) 

where v 1 m Rydberg frequency = 2rr*e*m/A* 

This expression may bo contrasted with (35) Let us compare their 
threshold values At v = v Q , we have for the ionization of H 2 to H* + 

Cl)‘f 0 ( Q n+o u )*.-‘ { (1+s , )( f +x ,z 8) } m 

Now we have 

(G u +G 88 )* = (-1-524)*- 2-26, 

S*/(1+S*)(l+X*-S)« 1 233, 
v 0 /vj - 124569/109765 « M35. 

From these figures, we obtain for ionization of H# 

—p% i 

T 0 -— - «-4 [1 135 X1 233 x 2 325] - (3 252) (38 1) 

me vj 

We have, therefore, r 0 for the prooess H a -► H+ r 0 for H -► H+ — 3 252 
2 8 /3 *= 3*8 X10“*, i e , the molecular process is nearly 25 times weaker 

This is as is otherwise expected, for the prooess Is* -► lsoos should neces¬ 
sarily be rather feeble The main prooess would be from Is* -+■ Isoop The 
value of r(v) for this process is very difficult to calculate, but it is being carried 
out, with no definite result to report at present Of course, this value of 
r(v) for molecular ionization would be further reduoed on account of the 
value of (vide infra).* 
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4 Transition-probability dub to Vibration 
Let us now calculate the vibrational part of | M**' I, t nz, 

Here fa ( V ', qi) refers to the vibrational state of the H+ -molecule, V’ 
being the quantum number of the particular vibrational state to which H * 
is raised by absorption of light We write fa{V', ?i) for Hg ion, q x being 
the nuolear distance Similarly, fa( V > ?a) refers to the H s -moleculo Now 
we have (vide Pauling and Wilson’s ‘ Quantum Mechanics ’, 1935, p 107) 

fc(r'.Ji) “N„exp • (3«) 

where q x => q—q^, whore q is the separation between the component nuclei, 
q 0 ' = normal distance between tho nuclei in H*, ft = 47r 2 /z<u 0 7^> /* being the 
reduced mass (= M/2, M is the mass of the H-atom), to 0 ' is the fundamental 
vibrational frequency of Hg Further, 



In a similar way, it can be shown that 

MV.q,) = N,, exp (-M2) H rWfat) (41) 

where ft m 4wW/A, q 2 = g— ?o'> ?o' = separation between nuclei in H 2 , 
and N v- has a value similar to (40) We then have 

\UZ,\-jW,tl)MV.<ll)*<l (42) 

The evaluation of integrals of type (42) has been earned out by 
Hutchisson (1930), but his expressions have been given m too much condensed 
form for any numenoal calculation We therefore work out the integral 
(42) in detail 

Let us put wo'M/ m **• 

Further, as we have observed, since q 2 = q—qo", and q x = q—qo’> where q is the 
running oo-ordinate representing the distance between the nuclei, and <jr 0 # , 
q Q ' are the nuolear distances for H* and H*, we have 

?2 “Sl+go'—ffo* 

and Vfttei+go'-Jo') “ 

where i? — Vhh » 8 ■ VPtiVo'— So')* 

We have therefore for the integral (42) to denote here by the symbol I \rv : 

I rr- - • • (42 ’ 1) 

where 


{1} - J exp (-fa*) exp (-J(« 1 ?+ 8 )*) Ht'(u) H r (ai j+ 8 )*j. .. (43) 
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The oceurrenoe of m (42 1) is due to the fact that dQ v «= dq, and 
dq = dq/VFi 

After a little work, we obtain 

1 V'v - v^y> lY* ( ] ' (**) 

The integral {1} has been worked out by Hutohisson, and it is useless to repeat 
the results We are oonoerned only with the case where V* = 0 It can be 
shown after some work that 

loo = N / r ^- ! exp(-S*/2( 1 +a» ) ) (44-1) 

and the ratios I^o/Ioo are shown m the following table 


Table I 


V 

r 

I ro /Ioo 

0 

i 

> 

0 

2 

-1 

i 

1 

0 

,3 

Jl 

0 

4 

Jl (d.+h^+i.) 

0 

5 

(ds+Ms+Mi) 




0 

n 

Jjzis (i *+M.-!+M.-4+ ) 


where 



y being even-numbered, and x any integral, even or odd 


We have now 


Numerical Calculation. 

fc' ~ 0 749 k U., g 0 ' - 1070 A.U , 

V — 4275 cm -1 , a»o' — 2235 cm -1 . 
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Hence a = (cuo'/a^')* = 1 3812 

<«•'-«.*> 

- 0 1221({ 0 '—joKMaO', 

where q 0 \ q 0 ” are expressed in Angstrom, M with 0 =» 16, m cm" 1 . 

We easily verify that, for the present caso, 8 = 2 56 With the aid of these 
values, we can calculate d„ and b f and then calculate tho numerical value of 
Ire, for integral values of V' These are shown in Tables (II) and (III) 

We have further loo = 1 7652 x 10 -1 


Table II 


b 0 = 1 00000 

d 0 = 1 00000 

d 6 = -0 68172 

&2 = -0 31210 

d x = -2 41300 

d 6 *= 0 27416 

5* = 0 04873 

d 2 = 2 91130 

d 7 » -0 09460 

b 9 = -0 00606 

d 3 = -2 34163 

d 8 = 0 02860 

b 8 = 0 00039 

d 4 = 1 41260 

d 9 = -0 00764 


Table III. 


V 

r 

* M^/Ioo 

M Le 

ki* 

0 

0 

1 0000 

1 7552 xlO" 1 

3 0807x10' 2 

0 

1 

-1 7113 

—3 0037 X 10" 1 

9 0222x10~* 

0 

2 

1 8381 

32262x10" 1 

10 4084x10““ 

0 

3 

-1 3757 

—2 4146X10" 1 

5 8303x10"* 

0 

4 

0 6769 

1 1881 XlO" 1 

14116x10"* 

0 

5 

-0 1325 

—0 2326 x 10“ 1 

0 0541x10"* 

0 

6 

-0 1039 

-0 1824 x 10“ 1 

0 0333x10"* 

0 

7 

0 1178 

0 2068 xlO' 1 

0 0428x10"* 

0 

8 

-0-0744 

—0 1306 X10“ 1 | 

0 0171x10"* 


5 Conclusion 

We can now get a qualitative idea regarding the nature of the complete 
absorption curve r[»)/v. Referring back to (2), (6), (34*1) and (44), and 
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putting [ftfa(m)^a(m)<ty]* equal to unity, as can be easily verified, we have 
t? - LWf(X, 

< = S ~ L L(v)P*(X, SI^WlVv., 

where L(v), F(X, S), F*(X, S), 4>(v) are quantities defined in Tables IV to X 
given in the Appendix 

We observe from the tables (VII), (VIII), that F{X, S), F*{X, S) are 
slowly varying funotions When v = v 0 , F(X, S) ■» 1-2330, when v = 2v 0 , 
it is 1 3160 But we have, m practice, to plot tho r(v)(v ourve close to v = v 0 ; 
hence it is convenient to take this quantity as constant, say 1 26 Similarly, 
1—exp (— 2irn') also varies slowly for this region The mam vanation is m 
$(v) Wo observe that v) becomes zero at a certain frequency near v = Sty, 
and after that slowly rises This is a somewhat unexpected result, but in 
actual praotice we have not to go so far, because absorption will be mostly 
oonfined to the neighbourhood of v = v 0 

Since v = v s +(F'*f JJaV —(F'+J)w 0 ', neglocting rotation, and since 
V* a 0,wo have v ■* 123569+ i(wo'—teo*)+ F'wo # = v 0 4-a> 0 'F'=123549+coo'F' 
We get then v 0 = 123649, and the stretch from v = v 0 to v = 2»» 0 oontams 
about 56 wq We shall see presently, since the value of I V ’o jumps suddenly 
at each point v => vq + ido'V', where V‘ = 1, 2, 3, , and after V' =» 3, 

the value of I y 0 drops suddenly, the possible zero value of <P(v) at v = 3v 0 
roughly is far outside the region we are contemplating The actual calcula¬ 
tions are shown m Table X, and finally in Table XI, and the form of the 
r(v)/v-ourve is represented m Fig 2 



Fra. 2. 
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We observe from this, that the absorption uurve behaves exactly m the 
way mentioned at the end of §1 The maximum valuo of r(v) is not reaohed 
at v = V®, but at v = v 0 +2aty', vvhoro it is about three times larger than the 
value at v = v 0 At each vibrational number there is a sudden jump, up 
before v = vo+2o>o and down after v = ^'o-^-2cu 0 , It therefore appears that 
after v — vq+Scoo', the continuous absorption, which laisoa to the third 
vibrational lovol, and leaveH the rest of the energy to the electron, ih more 
probable than raising Hj to a higher vibrational lovel So this part of tho 
curve is drawn up to some distance and is shown by dots 

As the actual absorption curvo r(v)/v loading to photo-dissociation will 
correspond to tho process lfl^-^vlsoop no attempt has boon made to obtain 
furthor conclusions, particularly as the experimental results are very moagro 
Lastly, we have great pleasure in a< knowlodging our gratofulnoss to 
Prof M N Saha, F R S , for his inspiring guidance and the keen interest he 
has shown in tho several stages of this work 

Note 1 

To show that the various integrals contained in 

M(z) = jW+* 1 ')[(r < ,i*-r*i 2 )+(r„ 2 *-f>,2 2 )] X 

xm+m+m+m)da 1 dQ 2 

either reduce to zero or to the form 

I = sj*(al) lf u(bl) e , (r al *-r w *) dQ l 

We take each of tho products in (25) and multiply by tho oloctno moment 
LM(z 1 )+M(z 2 )] and integrate ovei tho co-ordinate spates of the electrons 

Since A and G differ only in an interchange of nuclei, the integrals obtained 
from the product of the electric moment and A or G will bo oither equal, or 
equal exoept for a ohange of sign, according as there is, or is not, a change in 
the nuclear symmetry during the transition A similar argument holds for 
an interchange of electrons as between A and F, and D and G This shows 
that the expressions A, D, F and G when integrated after multiplication with 
the eleotno moment will have the same absolute valuo In an exactly similar 
manner it may be concluded that B, H, C and E will have the same absolute 
value It is presently shown that tho integral JA[M]d0 = 0 Hence the 
integrals obtained from D, F and G are also zero 

J AfMJJa - j>iV( 1) [MfaJ+Mtelldfl 

- Jtt(62) lt u(62)„ dQ t Ju(al) i, (r 0l * - r 6l 8 ) u(al) u dQ l 
+ ju(b2)u(r at *-r bt *)u(b2)„d(i 9 
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Remembering J«(62) lf u(62) Ci = 0, due to orthogonality, and using elliptic 
oo-ordinates defined by 

A - (r<a+r bi )lq, p = (r ai -r b2 )lq, dQ « i ? 8 (A 2 -/x*)dA dfi <Uf>, 

we got 

14(62)!,=-^ exp (_^(A- m )), 

V» 

and 


-- 

The integral now assumes the form 

Const J oxp(-|Ag(l+2ifc£)) exp (i/xg(l+2ifc£)) x 
f i -i 


X V(A+/t) (f + §) J)* n -1 d( dX dfi 

A factor of the above integral is the following.— 

CO i 

J J Xfi{X+n) oxp (-JA?(l+2iif)) exp (W(l+2i#))dAd/t, 

l -l 

whose value is 4/g a (l+2ijb£) a , for this = A'B'-f C'D', 
where 


A' = J A* exp (-Aa)dA = «-“(l/a+2/a a +2/a»), (a = \q(l+2tkt)) 

l 

i 

B'-J/xexp (fta)dn = (e°+e-°)/a--(« a -« _a )/a 2 , 

fc> 

C' = J* A exp (—Aa)dA =» *-°(l/o+l/a*), 

l 

i 

D' =* J* /** exp (pa)rfp ■ (e°—«“°)/a—2[(€ a +«-'»)/o—(e°—« -0 )/o*]/a 

-l 

Hence the integral reduces to a contour integral 


Constant x^f (f+ J)‘(f-jr'-'a +20*) ~ 2 <J{, 


with a pole at £ ™ i/2fc The value of this ■* 0 (See Note 2(b)) 

Thus integrals A, D, F and G all vanish 

We now take the integrals obtained from B, C, E and H One can show 
by multiplying out and evaluating that 


J - J E[M]dfl - - J H[M](£0 
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Taking first the integral with B we get.— 

= J <i(al)i.tt(61)„ (rio* -r bl *) dQ, J u{a2) l ,v{b2) u dQ t + 

J tt(al)i,tt(61) c ,<«J 1 J n(a2) lf tt(62) u (r„ 2 *-r 62 2 ) dQ 2 

Transforming 

J«(o2) la (r d > - r w *)«(62) lf dfl 2 

into elhptio co-ordinates defined above, wo got it equivalent to 

2w „ i 

£ f f [ Aja(A*-/* 2 ) exp (-ig(A+fO) exp (-l?(A-/*))dAd/id^ 


00 1 

= ^J Jv(A*-/i*) exp (-gA) <My. = q j [A'B'-C'D'J - 0, 


^»jA»exp (—gA) dA = «-* (l/g+3/g*+0/g 8 +6/g<), 

l 

2 

B' = J urfp mm 0 ; 


C' - J A exp (-gA) dA - (1/g+l/g 2 ), 

i 

-1 

Now 

ju(a2) u u (62)„<£Q 2 

is our Suguira-integral S. 

Hence the integral containing B 

- S J u (al) lf (r 0l 8 —r*i*)«(M)„ dQ, - SI* « I 

From E we have similarly a value ■* I; and from each of C and H the 
value —I. 

Note 2(a) 

X — J « («!)!•« (61)c« dQ, 


To evaluate 
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Wo have (See Bethe, Handbuch itr Phynk, Bd 24, 1933, 1 o ) 


u ( a l)ii ™ — 7 = exp (—ffli), 

V» 


*<“)-- “a 


1 — t —2nn' 2M r A1 


1 «p (_!!*■„{) 


Transforming into elliptio co-ordinates the above eigen-funotions become 


u (ol),,-: ■—= exp (A+p)^ , 


Vl-c -W ** 2* ?(A-p) 

The integral X now takes the form 


Ljf exp (-iiq (*-?)() F(t)di 


!* x P(-^( 1 + 2 ^» x 


f l -l 

xexp (—$/xg(l—2cfc£)) (A+pJ^dA dp. d£ 


Let us evaluate 


J ' J J exp (-|A?(l+2ii^)) exp (-Jp3(l-2ii£)) (A+p) f T (f) dAdpdf 

oo 1 

Call J'-J J exp (-aA) exp (-6p) (A+p) dA dp, 

i -l 

where 

a-to (1+20*), 6«fc(l-2»I*) 

J' _ («*-,-*) {I}/6+.- {III}/a , 
where 


{1} - J A exp (—aA) dA - c- (1/a+l/a*) , 

l 

{III} - J p exp (—6p) dp - ^ (—1/6+1/6*)—«” 6 (l/6+l/6 2 ) 

-l 

Whenoe 

J' ■.,-(•-« (l/a*6+l/a6«)-«-<•+« (2/a6+l/a*6+l/a6*) 

- t~2qtk( [8/ g »(l+20jf)*(l-2*if)+8/ S r»(l+2dfcf)(l-2i*f)*] 

“ «" 7 [8/?*(l+2»if)(l—2tk£)+8/g*(l+2tkf)*(l—2il£) 
+8/5®(l+2»*£)(l-2ilfe0«]. 

Splitting up into partial fractions (see a list in the body of Note 2(6)) and 
rearranging we get 
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J' - Fm+h.^i 1 F(£)d(+hJ(l+2ik()-* F(()d{ 

e ( ( 

+JLg<£(l-2t#)-» Ftfdt+hsj (1+2 Jc()-' F(()exp(-2q4/n')d£ 
+h'- 1 ^(l-2tW-iF({) exp (—2qt£jn')d£ 

+*• j (l+2 t ^)-2 F(£) exp (—2gi£/n') # 

+A'_ 2 | (l-2.il*)-* F(fl exp (—2qt£/n') d£, 

where 


Al »A-1 = -^"’(l/ ? 2+l/ ? 3), 

6* * /Lg - -4r ? /s 3 • 

V 93 A'.j = 4/g8 , 

hi « A'-g = 4/ ? s 

Quoting the values of the contour integrals (given in Note 2(6)) we derive 
after simplifications — 

J' = (cosh qjq^—smh q/q 8 ) exp (—2n' oot-iw'), 

x = - j j.-, ( cofl h ?-«** 7/7) e x P (~ 2n ' cot_1 w ') 


Note 2(6) 

To evaluate 

oe 1 

J = <£j J exp (-iA?(l+2t/^)) exp(-J/*9(l-2i^)) Am(A+ m )x 

xF(£)d\dpd(, 

where J(fl - (H-*)-*"'- 1 (£-*)*"'“ *. (* - W 

CaU Ji-J (A*/*+A/i*)exp(-igA(l+2^))dA-/i*{I}+/*{n}, 

where {1} = J A exp (—oA) dA — «-*(l/o+l/a*), a « ig(i+2.I*) 

1 

{II} - J A* exp (-«A) <*A - «-(l/a+2/a*+2/a*). 



m 


B D NAG-CHOWDHUBI AND K BASU 


Next, call J 2 = J[/ A ®{^}+/*{^}] ex P (—VVfy* > & = i?(l — 2ifcf) 

-l 

= {I}x{IV} + {II}x{HI}, 

1 

where {III} c exp (-6/*)^ = €*(-1/6+1/6*)-*-*{1/6+1/6*), 

-l 

i 

{IV} - j> exp (—bfi)dfi 

-l 

= €*(l/6-2/6*+2/63)-€-*(1/6+2/62+2/63) 

J 2 »_«-(<•+*) [2/o6 + 3/a*6+3/o6*+4/«*6*+2/«36+2/«6»+ 2/a*63+2/a36*l 
+€ -(«-i) [_ l/ a *b -1 /«6*+2/ fl 63-2/a36+2/0*6*+2/a3&*] 

Since a+6 = q, a—b = 271 wo write the expression for J 2 in full, thus 
J 2 = —€-^[8/g2(l+2tlfce)(l—2tlfc0+24/ 9 a(i+2^)2(l—2tfcf) 

+24/78(1 +2ifc£) (1 - 2.^)2+64 /t 4 (1 + 2 t ^)*(l -2i*£)* 

+32/74(1 +2,^) 8 (1 -2^)+32/74(l + 2ti^)(l-2 t ^) 8 
+64/7*(l+2 l ^)*(l-2 l ^3 +6 4/76(l + 2 l ^8(i_2 l ^)2] 

+ «- f _ 8/78(1 + 2( jbf)« (1 _ 2ik£ ) - 8/78(1+2i*£) (1 - 2^)2 
-32/74(1 +2 t jfcf)3(l — 2ifcf )+32/74 (l +2dfcf)(l -2ilfcf)8 
+«4/7*( 1 +2 t fc£) *( I — 2db£) s+04/76 (1+2 t Jfcf)3( 1 _ 2i*£)2] 

Next wo shall have to split up each term into partial fractions We write 
down below the results of splitting up, putting x = 2 ikg for short — 

/o - 1/(1 +x)(l -x) - J/(l+ar)+i/(J -x ), 

f\ = 1/(1 +x) 2 (l -*) = 4/(1 +*) 2 +1/(1 +x) + J/(l-x), 

/ 8 “1/(1+*)(1-*)* =}/(l-^) 2 +J/(l-a:) + i/(l+*), 

/a“1/(1+*)*(!“**) “ 4/(1+*)*+J/(l+*) 2 +4/(l+*)+J/(l—*), 

/ 4 -1/(1+*)(!-*)» ^^l-aris+^l-xje+^l^+j/d+j;), 

/ B »l/(l+x)3(l-x)*=4/(l+x)8+i/(l+x)2 + ^(l + x) + |i/(l-x)2 + i y(l-x) > 
/^l/d+xW-xja-^l-^+J/tl-^+^l-^+i/d+^+^l+x), 
/ 7 -1/(1+X)*(1 -x)* - 4/(1 +x)*+4/(1+*)+4/(1 -*) 2 +4/d -*) 

Utilizing these equivalent expressions for / 0 , /j, in the expression 
for J e We‘can wnte it in full thus 

T _ —tf 1 { 4 . 4 ■ 1 ( 12 ■ 6 ■ 6 ^ 

*" * U 2 \(l+x) + (l-x);+7 8 l(l+x)* + (l+x)+(l-x)/ 

,V 12 , 6 , 6 \ 1 / 16 16 16 16 \ 

^q*\(\-x)*+(l-x) + (l+x)) + q*\(l+x)*+(l+x)+(l-x)* + (l-x)) 
. 1 / 10 , 8 4 4 \ 

+q*\(\+x)* i ‘(l+r)* + (l + x) + (l-x)j 
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I L( 16 I 8 * . 4 \ 

\(i-*)» + (i-*)* + (n^j+(i+jj J 

+- /- 16 4 16 | 12 4 . 8 . 12 \ 

+ J 5 \( l -*) ,+ ( 1 -*)* + (1-*) + (1 +i)* + (l+z) J 

I 1 / 16 . 16 .12 8 12 \~1 

V V(l+^ + (1+x)2 + (l + *)+(ir^+ ( T^jJJ 

+< -2g^ I / _ 4 , 2 , 2 \ 

L 9 s ^(l+*)* + (l+*)+(!-*)y 

-1/-L , 2 , 2 A 

-1 . 4 , 4 \ 

\^(l+a;)*^(1+a:)8 + (1 +a: )+(1 

, j ( 16 , 8 , 4 , 4 \ 

y 4 V(i-*) 8 (i-*)* + (i-*r (in-*-)/ 

1 / !6 16 12 _8_ 12 \ 

~V \(l-«) 8+ (l-a;) 2+ (l~a?) + (l+r)2 + (l+a:) / j 
1 / !0 !6 12 8 12 \“] 

+ 9 6 V(l+»)» + (l+a:) 2+ (l-|-a:) + (l- 3 :)2 + (]-a:) / /J 
Rearranging above we get finally — 

J* = f9i/(l+2 t ^+9-i/(l-2 t ^)+y 2 /(l+L> t ^)2+^. 2 /(l-2^)» 

+93/(l + 2i&f) 3 -f-g_ 3 /(l-2i^)3]4.oxp (-2^) [gi7(l+2itf)+flr'-)/(l-2i^) 

+9 2 7(l+2t4) 2 +S7'-2/(l-2 l fcf)>+ ?3 7(l+2^) 3 +9'^/(l-2^)»J ) 

where 

Sl m g. t « —« - 9 (4/g 2 +12/g 3 + 24/g 4 -f 24/g 6 ), 

0s » ^. 2 =» — «-i(12/g 8 +24/$ 4 -f 24/7 6 ), 
fifs * V -s = —« -v (16/y 4 +lfi/9 6 )» 

9i *y-i'«-4/g 8 +24/g8, 

0s' ~-4/ ? »-8/?<+24/ ? », 

9 , -a “ — 4/g*+8/gr 4 +24/g 6 , 

0 8 '-16/g4+16/qr«, ^'- 3 =* 10/^-hl6/^ 

The integral J now splits up into twelve contour integrals — 


t _ to# . T ^ To)# ,. / to# , _ * 
J 31 f (T+m +g -'f +f! t tt +2^)' +, -‘ / 


* 

+0s 


TO# 

(i-aw 


<f-£ML+ g .(m+f/c i™*L+ g > A 

i (i+2i*£)» +y “ s 7 (l-2 t *fl3 +{/i / (l+2tibf) + ^ - 1 / (l-2t*f) 


+ g Aim.. +a ' A lg * TO# 


[TO • exp (-2(pjb£)TO1 
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Sinco (l+2ti£) = ^ (£— Jin') and (1—2 tk£) »■ — ~ (f+i‘»')> we get two types 
of contour integrals in the complex £-plane 

1st type Branch points at £ = ±$, Pole at £ = + |m' 

2nd type Branch points at £ = ± J, Pole at £ = — Jm' 

In the following list of values for the abovo integrals, the final results have 
been obtained by using Cauchy’s theorem involving calculations of residues, 
wz 


/(*) 


JL MM 



fjm 
(£-*)* ’ 


/m 

(C-*) 8 ’ 


/m 

(£- z )* +1 



mu 

(l+2.*f) “ 

47rn' . n . .... 

(1+n'*) eXp (- 2TO00t ' ln )> 

m<u 

(1-2 lk() " 

47m' /rt , A 

(1+V2) 0XP (2W COt " n ) » 

mat 
(1+2^)* " 

o, 

T 

II 

107m' 3 /n , 4 „ 

( l +n '*)t ex P < 2n cot_lw ). 

nm 

(l+2dbfl«" 

4wn ' 8 / » , . , 

CX P (“ 2n 

md( 

(1-2i**) 8 

47rn / 3(lln'8-l) „ 

(l +n '«)» exp (2n cot" 1 n ), 

urn „ 

(l+2i^) 

(l +n '8) ex P (?—2n'oot -1 »'), 

II 

47771 ; 

(l+n'8) exp( ?+ 2»'oot-in'), 

(l+2dtf)t 

(Y+^^g) exp (?“ 2n ' cot ~ ln ')> 

muf 

(l-2tifcf)** 

( +m' ? , 10*m'* \ , . ft , x 

H($)dt 
(1+2 «**)»“ 

/ 4wn' 8 2jm'g» \ 0 , 
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£ B W( _ I 

^4wn' 8 (ll»'*—1) 2im'3* . 10nn' 8 g\ 

J (l-2t^) 8 \ 

< (1 + n' 2 ) 8 + (l+n' 2 ) + (l+n'*)*j 


( 12 ) 


Xexp (—g+2n'cot“ 1 n') 

Substituting these calculated values of the contour integrals the value of J 
splits up into two component parts — 

J ® exp (2 ri cot -1 n') { K } + exp (-2n' cot _1 n') {K*}, 


where 


<*}-*.» 


4jrn' t 
(l+n'*) +9 ~ 
47rn'e“'? , 


lOrm'S 


5+*-: 


4nn' 8 (l]»'* —1) 
(1+n' 8 ) 8 


(1 + n' 8 ) 2 

T7T» c - L , /'107m' 8 €-0 ( 4wn'ge~»\ 

(l+n'*) +g -* \Jf+n' 8 )*' + U+n'*) j 

+0' 


/47m'8(lln' 8 -l)«-< 
\ (1+n'*) 8 ’ 


16iro' 3 g«-9 2im* 


{K* 


( - W \ , 

ri \(1 +n'*)) +9z (1+n'*) 8_r 

, 4rrn'geS , / 47rn' 8 «« r 27m'g 8 «A 

+ ^ 2 (l + n'*)™ 3 \( 1+n' 8 ) 2 “(1+n'*)/ 


+n'*) /’ 


(1+n' 2 ) 2 T (1+n' 2 ) 
, / 4im'«« \ 

f, ‘ V (!+»'»)) 


The value of K is found to be zero after simplification, and that of K* 
_ 47m'G 1 (<7) 47rn' a G 2 (g) 

“ (1+n'*) + (1+n'*)* ’ 

where G^g) *a ( 8/^2 _j_ 48/g 4 ) cosh gf — (24/g 8 +48/g 5 ) smh q, 

G 2 (g) b= — 32 cosh q/q *+32 smli q/q 6 
Hence the value of 

J — fi —2n' cot -1 


- 1 "' G 




Appendix 
Table IV 


V 



Exp £ 2»r \/v 0 l(v—v 0 )^ 

Cot- 1 [V r 0 /(v-v 0 )] 

lv 0 

0 00000 

0 0000 

2v 0 

0 00184 

0 7854 

3v 0 

001180 

0 9554 

4l, 0 

0 02078 

1 0475 

5v 0 

0 04328 

1 1071 

6v 0 

0 06020 

1 1504 

7v 0 

0 07330 

1 1834 

8v 0 

0 09348 

1 2094 

9v 0 

0 10861 

12310 

lOv 0 

0 13810 

1 2490 

llv 0 

015260 

12646 
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Table V 


Values of L =p exp £ — 4\/ v 0 /( v —v 0 ) cot' 1 \/ *' 0 /(»'-i'o)] 
(When v ass v 0t L = r 4 = 0 0183 ) 


V = 2v 0 

L = 0 0433 

v = 7v 0 

L = 0 1449 

= 3v 0 

= 0 0670 

= 8v 0 

= 0 1601 

“ 4v 0 

= 0 0890 

= 9v 0 

= 0 17£>3 

— 5v 0 

= 0 1093 

= 10v 0 

= 0 1892 

«= 6v 0 

= 0 1278 

= llv 0 

= 0 2021 


Table VI 

X* = (2 514) (v 0 /v)* exp (—4n' cot~* n')/(l —exp (—2tti\')) 
(When k = v 0 , X« - 2 5140 e -« = 0 0461 ) 


v = 2, 0 

X“ = 0 0272 

ii 

X2 = 0 0080 

= 3v 0 

= 0 0189 

= 8v 0 

= 0 0069 

= 4v 0 

= 0 0143 

= 9v 0 

= 0 0060 

= 5v 0 

= 0 0114 

= 10v 0 

= 0 0055 

= 6v 0 

= 0 0095 

= llv 0 

= 0 0051 


Table VII 

F{X, S) = S*/(1+S*)(l+X*-S) * 
(When v = v 0) ^(X, S) = 1 2330 ) 


v= 2v 0 

F(X t S) = 1 3150 1 

v = 7v 0 

F(X, 8) = 1 4134 

— 3»> 0 

= 1 3552 1 

= 8v 0 

= 1 4195 

*4v 0 

= 1 3791 1 

■■ 9v 0 

= 1*4246 

= 5v 0 

= 1 3968 1 

= 10v 0 

= 14271 

= 6v 0 

= 14050 | 

= llv 0 

= 14297 


* We muat remember that S has the value Q 7543 ami 8* the value Q 5619 when 
f has the value 1 418 in Hartrwe units. 
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Table VIII 

F*(X, S) = S*/(l-S*) (l-X^+S) 
(When v = , 0) F*(X, S) = 0*7609) 


V = 2v 0 

F*{X, S) = 0 7426 

v = 7v 0 

F*(X, S) = 0 7344 

= 3, 0 

= 0 7390 

= 8, 0 

= 0 7339 

= 4v 0 

= 0 7370 

= 9, 0 

= 0 7336 

«= 5, 0 

= 0 7368 

= I0v 0 

= 0 7333 

= 6, 0 

= 0 7360 

= 11 v 0 

= 0 7332 


Table IX 

0(,) = 0 777<)(, 0 /,)-2 2038 (, 0 /,)2 


, 

0(y) 

[<P(,)]* 

lv 0 

-1 4268 

2 036768 

2, 0 

-0 1624 

0 026374 

3, 0 

0 0141 

0 000199 

4, 0 

0 0666 

0 003192 

5, 0 

0 0673 

0 004629 

6, 0 

0 0683 

0 004665 

7,q 

0 0661 

0 004369 

8,o 

0 0627 

0 003931 

9, 0 

0 0691 

0 003493 

10,o 

0 0667 

0 003102 

11, 0 

0 0624 

0 002746 


Before proceeding to prepare a table for the absorption coefficient we should 
remember that according to our scheme of notation 

—W(X,si^,), 

t v » «= 8 -^-‘ L(v)f*(X, S) *«<v), 

and the values of the several factors have already been oomputed in the 
foregoing tables In the adjoining table X are attached the values of 
t*(s) andr ”(e) when these are each divided by %v*v Q t t j6 
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Tablk X 


V 

L {»)&(*) 

r>)/^ 

t ; w /*!5s? 

l^o 

3 7265x10'* 

459 35x10'* 

279 75x10-* 

2v 0 

01143x10'* 

30 06 x 10“ 4 

16 98x10"* 

3v 0 

0 0013X10'* 

0 52x10-* 

0 28x10-* 

4v 0 

0 0028x10'* 

1 56x10-* 

0 83x10-* 

5k 0 

0 0495x10'* 

34 57x10-* 

1821x10** 

fll'O 

0 0596x10'* 

50 24x10'* 

26 28x10-* 

7v 0 

0 0633x10'* 

62 62x10-* 

32 64x10-* 

8v 0 

0 0629x10'* 

71 43x10-* 

36 93x10-* 

9v 0 

0 0612x10'* 

78 47X 10-* 

40 40x10“* 

lO^o 

0 0586x10'* 

83 63x10-* 

42 97x10-* 

llv 0 

0 0555x10“* 

87 28x10-* 

40 69x10-* 


Tablk XI 


V 

*(»> 

[*(')]• 

ry y®^L(v)^(X,S) 
-TOO- 

T ; /»J*^L Uv)F . {Xi s) 

Rbmabks 

••o 

-1 4268 

2 0368 

6 2717x10“* 


Corresponding to the value 
of (F' *= 0, V = 0), 

viz , 3 0807 X 10"* 

‘’O + W 

-1 4110 

1 9909 

6 1334 x 10-* 

»'# + 4 < V 

1 3962 

1 9466 

8 9969x 10“* 

»'s+l“o' 

1 3798 

1 9038 

6 8660x10"* 


1 3640 

1 8606 

16 7868x 10"* 


Corresponding to the value 
ofM^.(F' = 0, F'-l), 
viz , 9*0232 x 10"* 

*’o+l"o' 

1 3496 

1 8214 

16 4380x 10"* 

*’ 0 +{“o' 

1 3349 

1 7819 

16 0767x 10"* 


1 3203 

1 7432 

18 7276x 10"* 
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V 

0M 

[*(>)]* 

d 1^ LMF,X,S) 

= T(v) - 

r~ j ®^»!!l(*.)P*(X,8) 

Remarks 

v 0 +2co 0 ' 

1*3045 

1 7017 

17 7120x 10"* i 

- 

Corresponding to the value 
of M^(P' = 0, F' = 2), 
wz , 10 4084 X 10"* 

•’o+f^o' 

1 2916 

1 6682 

17 3133x10"* 

•’o+iwo' 

1 2780 

1 6333 

17 OOOOy lo“* 

* 0 + V“»o' 

1 2640 

1 5977 

16 6295x10“* 

v 0 + 3a) 0 ' 

1 2435 

1 5588 

9 0883X10“* 

Corresponding to the value 
of (F' = 0, F' = 3), 

mz , 5 8303 X 10"* 

•'0+ V«o' 

1 2368 

1 5297 

8 9186x10“* 

•’o + io'o' 

1 2237 

1 4974 

8 7303x10“* 

‘'0+7 “o' 

1 2106 

1 4656 

8 6449x10“* 

«' 0 + 4ci» a ' 

1 1945 

1 4268 

2 0141X10“* 


Corresponding to the value 
of M t ”, (F # = 0, F' =» 4), 
viz, l 4116x10“* 

ro+Vcuo' 

1 1848 

1 4018 

1 9816x10“* 

•'o + i"o' 

1 1722 

1 3741 

1 9397x10“* 

*o + y^o' 

1 1597 

1 3449 

1 8985X10“* 

fo+Owo' 

1 1448 

13106 

0 0709X10“* 

M U‘ ( K '=°- 
0 0541 X 10"* 

i»o+6<u 0 ' 

1 0960 

12012 

0 0400X10"* 

M t ;, (F' = 0, F' — 6) = 

0 0133 X 10"* 
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STRUCTURE AND DEVELOPMENT OF THE OVULE AND EMBRYO 
SAC OF LASIOSIPHON ERIOCEPHALUS Done 

By S B Kausik, Department of Botany, University of Mysore, 

Central College, Bangalore 

(Communicated by Prof A C Joshi, D Sc ) 

( Received, January 31, 1040 ) 

Introduction 

Tlie earliest embryological investigation on the Thymelaeacoae is by 
Hofmeister in 1849 on Daphne and since then a number of contributions 
have appeared from time to tune Schnarf (1931) has reviewed these m 
his treatise on the angiosperms and has given the following summaiy of the 
embryology of the family 

The development of pollen follows the simultaneous type In Daphne 
a transitory cell plate is formed during the heterotypic division Tho 
mature pollen contains three nuclei The ovule has a massive nucollus with 
two integuments According to Guerin (1913, 1915) there is a remarkable 
development of the nucellar vascular bundle in a few members of the Thyme- 
laeaceae, namely, Dtcranolepts, Craterosiphon and Synaptolepis The arche- 
sponum consists of a single cell which divides to give riso to a parietal cell 
and the megaspore mother cell The development of the embryo sac follows 
the normal type The antipodals are variable, they are small in Wxckstroemva 
xndxca, W canascens, Onxdia cannata and Daphne alpina, but show an increase 
in number in Daphne odora (three to six), Blagayaw pseudomezereum, Thymelaea 
passer\na } Dxrca palustns (numerous) and Daphnopsxs Bchwartzw (many or 
three) In most species an obturator develops at the base of the stylar canal 
for the conduction of the pollen tubes towards the micropyle The endosperm 
is froe nuclear Abnormalities occur in the family the phenomenon of sterility 
in Daphne odora (Osawa, 1913) and somatic parthenogenesis and associated 
nuoeilar embryony m Wtchsiroemta indxca 

Sinoe the publication of Schnarf’s work some further investigations have 
been made reoently Joshi (1937) has studied the development of the pollen 
in Thymelaea arvensis, Wickstroetma indica and Daphne Mezerenm Fuchs 
(1938) h«j« made a detailed study of the embryology of some members of tho 
family and has also discussed the affinities 

The present paper is based on a morphological and embryological study 
of Lasxosiphon enocephalus Dene with particular reference to some important 
features in the development of the embryo sac and in the structure of the 
ovule. 
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Material and Methods 

The material for investigation was collected from the forests of the 
Western Ghats m the Mysore State during the month of December, 1938 
Bourn's fluid was largely used for fixation In addition, material preserved 
in formalin-acetic acid-alcohol was also mado use of The regular methods 
of dohydration and infiltration were followed In some cases the material 
was run through mixtures of alcohol and chloroform and infiltrated m pure 
chloroform By this method many of tho difficulties in sectiomng tho material, 
especially m old stages when the floral parts become hard, were overcome to a 
oortain extent All the sections wore stained in Heidenhain’s iron-alum 
haematoxyhn which was quito satisfactory 

The Flower 

The flowers are grouped together in dense head-like inflorescences and 
(levolop according to a racemose plan Each flower has a single whorl of 
peuanth which forms a long tube (fig 3), at tho top of which are seen five small 
imbricating segmonts of the perianth The outer surface of the perianth ih 
donsoly clothod over by numerous silky hairs In very advanced stages of 
tho flower tho uppor half of the porianth becomes detached by the formation 
of an abscission layer and the lowor half remains as a loose membranous 
covering for the developing fruit 

Thore are ten stamens in two alternating whorls of five each and thoso 
are adnate to the porianth The vascular connections to the outer (uppor) 
whorl of stamons are separated from tho midrib bundles of the perianth, while 
those to the inner (lower) whorl are separated from the combmed lateral strands 
supplying the adjacent margins of the perianth segments Outside the outor 
whorl of stamens and alternating with these and the porianth segments there 
are five floshy parenchymatous scale-like structures which are roughly bifid 
(fig 4) These do not have any vascular connections and may, therefore, be 
regarded merely as lobes formed by the perianth segments 

The ovary is raised on a short stalk and contains a single ovule The 
stylo is long and narrow and terminates in a head-like stigma (fig 6) The 
penpheral epidermal cells of the stigma become oonspiouous very early with 
noh contents and gradually form a number of papillae (figs 6, 7) These 
papillae next bocome olongated considerably to form short hairs (fig 8) amidst 
whioh the pollen grains are deposited After the receptive function is over the 
stigmatio hairs are filled with tannin and later may either persist as such or 
may drop off 

The external surface of tho ovary is covered over by hairs similar to those 
found on the perianth These hairs gradually fall off later as the fruit begins 
to be formed 

At the base of the ovary a conspicuous nng-Uke disc-scale develops. 
This is provided with vascular connections from the reoeptacular stele (fig 3) 
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This disc-scale is regarded as a much reduced inner whorl of floral leaves, the 
corolla, as suggostod by Joshi (1930) in another member of the Thymolaoaooao, 
Stdlera chamcejasme 

Development of the Microsporangium 

Tho primordia for tho two sets of stamens am formod voiy early m tho 
ontogeny of tho flower They are at first made up of uniform cells without 
any differentiation As further giowth takes place, a single layei of cells 
becomes clearly marked out within the epidermis (fig 10) This layer con¬ 
stitutes the archesponum of the anther which next dividos penchnally to form 
an outer primary panetal layor and an inner sporogonous layer The formei 
divides again periclmaJly immediately to form two layers (fig 11), of which 
tho outer without further divisions functions as tho endothecium m tho mature 
anther, while the inner divides for the last time penchnally to givo use to the 
single middle layer and tho tapetum (fig 12) The tapotum lies in immediate 
contaot with tho sporogonous layer, tho cells of which havo divided m tho 
meanwhile to form two layers of microspore mother cells 

During the development and increase in the sizo of the tapetal colls and 
the spore mother cells, both tho ondothecium and tho single middle layer are 
greatly crushed tangentially (fig 13) With tho increase in the size of the 
tapotal cells, which marks the commencement of their activity, tho nut lens 
of eaoh coll divides once mitotically so that the tapetal cells finally become 
binucleate At this timo tho cells are more or loss bulging with tlioir inner 
walls rounded off (fig 13) 

Just as a tapetal layei is formed towards tho outside of the sporogonous 
oells, it is also formed towards the inside by tho colls of the connective tissue 
of the anther These inner tapotal cells are exactly similar to the outer oneH 
both in shape, as well as m contents, being also similarly binucleate (fig 13) 
In the older stages of the anther, the tapotal cells break down and then* dis¬ 
organised remnants may be seen as darkly staining scattered bits within the 
wall of the anther 

Development of the Megasporangium and the Female Gametofhyte 

As already stated, tho ovary contains a singlo ovule whioh is attached 
laterally on the placenta with the micropyle pointing upwards (fig 9) The 
ovule first develops as a mass of undifferentiated tissue and gradually assumes 
its typical structure by forming two annular rings of tissue one below the 
other (figs 3, 15) These are the pnmordia of the two integuments At this 
stage a large spaoe is soen developing in the cavity of the ovary below the 
ovule (fig 3) This spaoe persists characteristically m subsequent stages and 
although an attempt was made to verify if this represented any provision for 
the development of a second ovule, no evidenoe for this was forthcoming. 
In later stages, when the seed begins to develop after fertilisation, the space is 
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partly filled up by the downward growth of the base of the seed, while a small 
portion of it still remains and becomes filled with air 

During the development of the ovule, the micropyle comes in contact 
with a special tissue formed at the base of the stylar canal (fig 9) This 
tissue consists of regularly arranged elongated cells containing abundant 
material and projecting into the ovarian cavity (fig 14) This is the obturatoi 
which functions as a device for the conduction and growth of the pollen tubos 
as they descend from tho stylar canal towards the micropyle The obturator 
is characteristic of most of the Thymelaeaceae and it is also mot with in certain 
other families, as Euphorbiaceao, Rosaceae, Elaeagnaceae, Umbollifereae, 
eto The morphology of the obturator, however, is different in the several 
cases, for it arises either from the placenta or tho funiculus, while in tho 
Thymelaeaceae it is a specialised part of the transmitting tissue which fills 
the stylar oanal 

After the mooption of the integument primordia, both the integuments, 
which in most subsequent stages of development are free from each other, 
grow at first uniformly all round the nucellus (fig 16) But after a time the 
inner integument grows more rapidly than the outer and alono forms the 
micropyle (fig 9) The upper part of the inner integument at the region of 
the micropyle becomes conspicuous as a oomcal projection surmounted by a 
knob formed by tho flaring rim of the integument (fig 9) The nm of the 
outer integument stops short behind the knob and invests tho part below the 
knob as a tight-fitting collar Lator, however, as the seed develops tho outer 
free portion of the rim of the outer integument, namely that lying on the 
opposite side of the plaeonta, grows beyond tho knob and, closely arching 
over, forms a hood-like oovermg for the micropyle (fig 20) 

Both the integuments are at first made up of three layers of cells except 
at the base where there may be four layers (fig 15) Gradually tho number 
of ooll layers in the inner integument increases to four, and the cells, filled 
with dense cytoplasm, show a very regular arrangement (fig 21) In the 
meanwhile the outer integument forms five layers of regularly arranged cells, 
which are not only larger than those of the inner integument, but also oontain 
less cytoplasm and include vacuoles (fig 21) As further growth of the ovule 
proceeds, the inner integument also becomes five layered, but all the cells, 
except those forming the inner epidermis, now contain only a little cytoplasm 
and extremely reduced nuclei (fig 21). This evidently means that the materials 
once stored m the cells of the inner integument have passed into the nucellus 
for its growth At thw tune the oells of the outer opidermis of the inner integu¬ 
ment beoome radially elongated, and still later, when the seed develops, appear 
as a palisade layer made up of columnar cells (fig 23) This feature is especially 
marked at the base of the integument 

Simultaneous with the changes in the inner integument as described 
above, the outer integument also shows further transformations The number 
of cell layers remains as before, namely five, but the oells lose their regular 



Fiae 1-13 Figs 1-3 Stages in the development of the flower x40 Fig. 4. 
Scale like lobe of the perianth Fig 6 Entire ovary showing disc-seale, DJS. X 8 
Figs 8-7 The stigmatic hairs forming as papillae X200 Fig. 8. Same, later 
stage showing tannin in the hairs x 120 Fig. 9 Longitudinal section of 

ovary showing the position of the ovule and the obturator x40 Figs 10-13 

Stages w the development of the anther wall X 450 
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arrangement Further, the cells of the inner layer become tannm-filled and 
take a brownish stain with haematoxyhn (fig 23) In the developing seed, 
the outer integument becomes very much compressod and forms a thin but 
fibrous covering for the sood 

Aftor the formation of the pnmordia of the integumonts the inner mass 
of tissue, the nucellus, begins to grow rapidly The apex of the nucellus 
assumes a more or less conical shape and tho epidermal cells of this region 
begin to undergo a senes of penchnal divisions to form tho so-called epidermal 
cap (fig 17) Below this cap a largo amount of tissue with nch contents is 
recognisable This tissue is designated by Fuchs (1938) as tho ‘Deckzollen- 
komplox * and is derivod by the divisions of the primary parietal cell formed 
by the archospormm This tissue, together with the overlying epidermal 
tap, gives a somewhat glandular appearance to the apex of the nucellus (c/ 
Protoaoeao, Brough, 1933, Kausik, 1938a, 19386, 1939), and is perhaps of 
advantage in the passage of tho pollen tubes towards the embryo sac which 
is situated far below The cells of the nucellus below the apex are also fairly 
well filled with matenals although not to tho same extent But at the base 
of the nucellus and immediately below the antipodal end of tho embryo sac 
a region of extremely rich cells develops conspicuously which are elongated 
and regularly arrangod to form a strand of tissue (figs 18, 19) This strand 
functions as a conducting strand for supplying matenals to the embryo sac 
for its growth, not only prior to fertilisation, but also afterwards when the 
embryo sac elongates remarkably The conducting strand spreads out at tho 
base of the nucellus like a pedestal surmounted by tho embryo sac 

Fuchs (1938) describes the presence of a conducting strand m her study 
of tho other members of the Thymelaeaceae It is also met with in the Lythra- 
oeae (Joalu and Venkateawaralu, 1936) and in the Geissolomataoeae (Stephens, 
1909a) In the latter instance it appears to offer a certain amount of obstruc¬ 
tion to the antipodal end of the embryo sac during its post-fertilisation elon¬ 
gation and is left over as a bundle of tissue projecting into tho embryo sac 
when tho latter grows down and all round it Kershaw (1909) states that a 
conducting strand is present in the ovule of Mynca dale and remarks that it 
may either represent the remains of an ancient nucellar vascular system or 
that it may bo an entirely new structure developing at the base of the nucellus 
In tho Thymelaeaoeae Gu6nn (1913, 1915) has found the nucellar tracheal 
tissue m sorao members, but it is absent in the other members studied by 
Fuchs (1938) and also m Laawsyphon It may, therefore, be suggested that 
tho conducting strand, which is characteristic of the Thymelaeaoeae and is 
also met with in other families which may not be related to one another on 
other grounds, may be regarded as a special device formed at tho base of the 
nucellus and in response to the nutritive demands made by the embryo sac 
The female gametophyte —It is hard to detect the presence of the arehe- 
sporial cell m the nucellus of the young ovule as all the cells are similar But 
in slightly older ovules, when tho integuments have just been formed, there is 



Flos 14-23 Fig 14 Base of the stylar canal showing the obturator. x400 
Fig 18 Young ovule showing the roegaspore mother cell and the origin of the 
integuments. x200 Fig. 16 Same, later stage showing the conducting 
strand at the base of the nucellus X200 Fig 17. Apex of the nuoellus 
showing formation of epidermal cap and the massive parietal tissue x400. 
F]gg is, 10 Base of nuoollus showing conducting strand. X 400. Fig. 20. 
Longitudinal section of seed with hypostass marked black. XSO. Fig 21. Part 
of the integuments to show details. X400. Fig 22. Part of inner integument 
later, x 200. Fig. 23 Part of both integument# from the teed, x200. 
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already Heen a single large cell which by its position and charaoterifltiofl must 
bo regarded as the megaspore mother cell (figs 15, 24) Overlying this there 
are two cells which are evidently formed from the parietal cell whioh has divided 
once perichnally soon after its formation from the arohesponal cell (fig 24) 
At this stage some of the epidermal cells at the apex of the nucellus have 
divided to form the epidermal cap so that the megaspore mother cell lies four 
cells below the outer surface of the nucollus The mother cell next elongates 
rapidly (fig 20) before undergoing the two divisions m the formation of the 
linear tetrad The actual stages leading to the development of the tetrad 
and the survival of one megaspore to form the embryo sac were not available 
A considerable time seems to elapse before any activity sets in m the mothor 
cell during which it undergoes a period of rest The next stage available in 
development was one shown in fig 27 where the two nuclei of the young 
embryo sac are already formed and these have taken up their respective posi¬ 
tions at the two ends At this stage some vacuoles are seen in the ombryo 
sac and attention may be specially drawn to one such vacuole below the 
primary chalazal nucleus This vacuole persists m later stages and is present 
oven after all the eight nuclei are formed (fig 28) It is interesting to note 
here that a chalazal vacuole has been figured by Mauntzon (1934) at the 
two-nucloate stage of the embryo sac in Cuphea lanceolaia and C platycentra 
and by Joshi and Venkateswaralu (1938) m some of the other members of the 
Lythraoeae The latter authors state that ‘the binucleate embryo-Bac, as 
in Lagerstroemxa, is often characterised by the persistence of the chalazal 
vaouole for an unusually long period and sometimes this condition is seen even 
during the development of the 4-nuoleate embryo-sac or after its formation ’ 
They further remark that this feature and the early degeneration of the anti- 
podals in the Lythraoeae, besides a few other minor ones, ‘have been regarded 
by Tischler (1917) and Mauntzon (1934) to indicate that the embryo-sao of the 
Lythraoeae forms phylogenetioally an intermediate stage between the 4- 
nuoleate embryo-Bac of the Onagraoeae and the normal 8-nueleate embryo- 
sac’ On the Bame ground it is reasonable to postulate here on the probable 
relationship of the Thymelaeaoeae with the Lythraoeae, between which families 
thero also appear to be other almost parallel structural features in the devel¬ 
opment of the ovule In fact there is some justification for this, for according 
to Hutchinson (1926) the Thymelaeales are to be regarded as the ‘increasingly 
woody apetalous relations of the Lythrales * 

After the establishment of the eight nuclei the organisation of the embryo 
sac begins with the formation of the egg-apparatus, the antipodal cells and the 
two polar nuclei (fig 29) The cytoplasm of the embryo sac is highly vacuolate 
and becomes more so a little later The synergids are at first roughly pear- 
shaped with a large basal vaouole and a dense mass of oytoplasm containing 
the nucleus at the apex (figs 29, 30) As the embryo sac reaches the stage of 
fertilisation, the synergidsjihow each a slight beak-like projection appearing 
as a hump on the free outer side (figs 32, 33) The nucleus assumes a more 
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Fjob. 24-33 Fig. 24 Part of nuoellus with megaapore mother oell with formation 
of epidermal cap and two parietal cell* X 900 Fig 20 Ovule with 

megaspore mother oell later X 80 Fig 26 Part of same enlarged x 400 
Figs. 27, 28 Two and eight nucleate embryo sacs respectively with ohalacal 
vacuole x 900 Fig 29 Fully formed embryo sac X400 Figs 30, 31 
The synergids and the antipodals from the same enlarged and showing division 
of nucleus in two antipodals X 900 Fig 32 Embryo sac at the time of 
fertilisation and triple fusion X 400 Fig. 83 Micropylar end of same 
enlarged to show a male nucleus in oontact with the egg nucleus and the special 
spherical body m each synergid, both synergids are intact and the pollen tube 
has entered behind and between these X1300. 
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or loss central position, and in contact with this there is sometimes seen a 
dense spherical body stained brownish with haematoxylin in each synergid 
(fig 33) It is rathor hard to discuss the nature of this extra body, but the 
suggestion that it may probably represent some special substance stored up 
in the synergid to facilitate the entry of the pollen tube by its chemotactic 
influence does not seem to be wholly unwarranted This suggestion is furthei 
strengthened by the fact that m such cases both the synergids are often left 
intact when the pollen tube enters the embryo sac and discharges its contents 
(fig 33) The further fate of this body could not be studied and it is sufficient 
to montion that it disappears from view m later stages when tho synerguls 
begin to degenerate some time aftei fertilisation 

It may be mentioned here that tho body mentioned in the synorgids looks 
very much like the kinoplasmic mass seen m tho egg coll of some gymnosperms 
Land (1904) describes in the case of Ephedra tnfurm that ‘a conspicuous 
kinoplasmic mass lios at a little distance below the nucleus’ of the central cell 
of the archogomum Ho furthor remarks ‘In the earliest, stages it is coarsely 
granular, and later becomes dense, and is larger and sharper in outline than 
the similar body whioli is so conspicuous in some of tho pines and in Thuja 
occidentalis ’ 

The antipodals are three in number, but in some oases tho nucleus in each 
cell dividos once mitotically (figs 29, 31), followed by the separation into 
daughter cells Either all the antipodals take part m this division, or only 
ono or two may divide, so that finally the number of antipodals in a mature 
embryo sac varies from throe to hix After fertilisation all these colls begin 
to degenerato and m later stages are recognisable only as heavily stained 
specks at the lower end of tho embryo sac 

The two polar nuclei meet each other at first in the centre of the embryo 
sac (fig 29), but may subsequently be found anywhere m the lower end or 
even very near the antipodals Their union is considerably delayed and seems 
to take place regularly just prior to triple fusion The two polar nuclei in a 
half fused state, showing distinctly two independent chromatin masses and 
two nucleoli, were seen with the second male nucleus closely perched on them 
as shown m fig 32 Fuchs (1938) remarks that the two polar nuclei wander 
towards the clialazal end and states that she oould not observe their fusion 
in her mate rials 

During all the stages leading to the final organisation of the embryo sa< 
the neighbouring cells of the nuoellus are crushed to a large extent and appear 
as several scattered bits all round the embryo sac Thus these cells not only 
afford extra space for the enlarging embryo sac but also supply it with materials 
that are stored up in the earlier stages 

Fertilisation 

Stages showing the actual entry of the pollen tube into the embryo sao 
were not seen in any of the preparations But slightly advanced stages with 



AND EMBRYO SAC OP LASIOSIPHON ERMCKPttALUS DONE 


127 


tho discharged pollen tube wore mot with In such casos one of the two 
synergids was intact, while the other had been destroyed by the pollen tube 
The surviving synergid was seon persisting oven m later stages when the embryo 
sac had formed a few free ondosperm mu lei (fig 35) Sometimes both the 
synorgids were found to be quite intact oven though the pollen tubo liad entered 
and tho two male nuclei were m association with the egg nucleus and the polar 
nuclei (fig 32) It was in such a case that tho spherical body already referred 
to was noticod in the synorgids and as suggested it is probable that it has a 
dofimte r61e to porform m the actual entry of the pollen tubo passing between 
and behind the synorgidH as shown in fig 33 Tn this figure, the disorganised 
remnants of the tip of the tube are clearly seen as a number of dark specks 
scattered in the vinrnty of the egg-apparatus and maikmg the track of the 
pollen tubo Josln and Kajale (1937) have shown that both the synergids 
are frequently intact duung fertilisation m AUernnntkera aesstlts and in 
earlier literature such a condition has also been noted in Salir (Chamberlain 
1897) and Silphtum (Morrell, 1900) 

Fertilisation and triple fusion occur regularly in Ixtawaiphon enocephalvs 
The first male nuclous fuses with the egg nucleus, while the second tiavels 
down the embryo sac rapidly and fuseH with the two polar nuclei which are 
uniting with each other just now The actual fusion of tho male nuclei seems 
to be simultaneous m both fertilisation and triple fusion 


Development of the Embryo and Endosperm 

The first division in the fertilised egg takes place only after a few fVoe 
endosperm nuclei are formed This division takes place by a transverso wall 
to form a proximal or basal cell and a distal cell The second division, presum¬ 
ably also by a transverse wall, is formed in the distal cell so that the pro-embryo 
bocomes throe-colled as noted by Fuchs (1938) The further divisions are 
irregular and take place by inclining and interesting walls to form an oval 
embryo in which tho distal and the proximal ends are clearly seon There is 
a basal cell with large vacuoles (fig 37) As further growth in the embryo 
proceeds the histogens are formed after which the embryo grows rapidly, 
encroaches on the endosperm and occupies the entire cavity of the seed in the 
mature condition 

The endosperm first arises in a free nuclear state and very early in develop¬ 
ment shows a paired arrangement of these nuclei at the micropylar, central, 
and ohalazal portions of the embryo sac (figs 34, 36) The pair of nuclei 
at the ohalazal end is particularly conspicuous by their large size, and being 
embedded in a dense mass of cytoplasm (fig 36) appears to take part to a 
considerable degree in the absorptive activity of the lower end of the embryo 
sac Fuchs (1938) states that m later stages, when the endosperm becomes 
cellular, the lower end of the embryo sac contains largo cells which have either 
many nuclei each or a single giant nucleus The two large nuclei noted in the 
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present case probably give rise by further divisions to the giant nuolei described 
by her 



Fias 34-37 Fig 34 Part of longitudinal section of seed to show a few free endo¬ 
sperm nuolei X 40 Figs 35, 36 Micropyl&r and chalazal ends to show the 
fertilised egg, one of the surviving synergids, and the paired arrangement of 
ondosperm nudoi, the ehalaxal pair of nuolei is prominently seen in fig 36 
X 000 Fig 37 A small many-celled embryo with rounded distal and wedge- 
shaped proximal ends, x 900 

After a large number of free nuclei are formed m the embryo sac, the 
endosperm tissue is built up which includes large and irregular oells This tissue 
is rapidly onoroaohed upon later by the growing embryo and is completely 
destroyed bv it when the seed reaches the mature condition 

The Seed 

The seed has a hard seed-coat formed by the two integuments The outer 
integument forms a fibrous covering which may be easily peeled off from the 
seed, while the inner remains as a very rigid and firm investment for the 
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ombryo The outer epidermis of this integument forms a woody palisade layoi 
(fig 23) as mentioned by Fuchs (1938) The base of the seed shows a thick 
pad of tannin-filled tissue, the hypostase, which takes up a very heavy stain 
(fig 20) Withm the seed-coat, a thin layer of nucollus persists all around as a 
lining for the ombryo, while the apex of the nucellus projects conically into the 
narrow micropyle 


Conclusions 

The present account of the embryology of Lastontphon ertotephalvu Dene 
conforms in all rosjiects to the earlier investigations m the family and includes 
a detaded study of some important features in the development of the ovule 
and the embiyo sac The noteworthy points m the life-lnsto;y are tho prosonco 
of tho obturator, tho formation of the epuleimal cap and the cell complex 
arising from the parietal tissue m the ovule, and the piesemn of a conducting 
strand at the base of the nucellus In the development of the embryo bho the 
presence of tho chalazal vacuole lias boon pointed out and it has been suggested 
that m this featuro,. as well as in a few others, evidence foi kinslup between 
this famdy and the Lythraceae may be forthcoming The presence of a special 
body in the synergids, which appears to be recorded here foi the first, time, 
can only be interpreted as a special feature of the synergids to help m tho ontry 
of the pollen tube into the embryo sac and its association in chbch where both 
the synergids are loft intact at the time of foitihsation lends additional suppoit 
to this surmise 

The development of an oval embryo without a suspensor seems to resemble 
the condition m Otusoloma margtjiaia (Stephens, 1909a) bolonguig to the 
Geissolomataceae and also found in the Ponaoacooe (Stephens, 19096) In 
the family Proteaceae also, which is regarded by some to be related to the 
Thymelaeacoae, it is curious to find a spherical (according to Ballantmo, 1909 
and Brough, 1933), but more correctly an oval, embryo (Kausik, 1938a, 1939) 
This faot, along with the presence of tho glandular apex of the nucellus formed 
by the parietal tissue in both the Thymelaeacoae and the Proteaceae, appears 
to offer some ground for considering the relationship between the two families 
as really valid From the point of floral anatomy also additional light seems 
to be thrown on this question, for in both the families the perianth represents 
the whorl of oalyx (Joshi on SteUera, 1936, Kausik on Macadamta, 19386, 
1940), while the oorolla is very much reducod and is represented by the disc 
at the base of the ovary Thus the ancestral condition m both has to be 
regarded as a dichlamydeous one and the modorn members have become simple 
through reduction The arrangement of Bentham and Hooker (1862-1883) to 
include both these families under the Monoohlamydeae must, therefore, be 
considered as unjustified 

Fuchs (1938) has discussed the systematic position of the family from an 
embryologioal standpoint and states that it is surprising that there are such 
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groat differences betwoon the closely rotated families Penaeaceae, Geissolomata- 
coae and the Thymelaeaceae It may be remarked here that those embryo- 
logical differences may only moan individual specialisations in these several 
families and may not be fundamental in sotthng the affinities of these families 
In the case of the Penaeaceae (Stephens, 19096) it is true that there is the de¬ 
velopment of a 16-nucloato embryo sac by the participation of all the four 
megaspores, but Stephens suggests that it is a donved condition from, perhaps, 
the Goissolomataceao (1909a) which shows a normal development Fuchs 
(1938) furthor discusses the systematic position of the Thymolaeaceae with tho 
othor families of the Myrtiflorae according to Englor and Gilg (1924) and states 
that in tho possession of an obturator the family stands sharply distinct from 
all tho others and points out that only the Elaeagnaceae, where a sort of an 
obturator is formed, come very close to the Thymelaeaceae 

Joshi (1938) has considered tho affinities of the Thymelaeaceae from floral 
anatomy and points out from a study of Stellera chamaejasme that the arrange¬ 
ment of Hutohinson (1926) to include the family Nyetaginaceae also m the order 
Thymolaeales cannot bo justified Ho further states that the Thymelaeaceae 
must have come from dichlamydoous ancestors as tho disc-scale represents a 
much reducod inner whorl of floral leaves, tho corolla The present writer 
is m complete agreement with this view Joshi also proposes that tho two sub¬ 
families, tho Aqiularioae and the Thymeleae, may be brought closer togethor 
on account of anatomical ovidence for a bicarpollary gynoocium m Stellera 
belonging to the Thymeleae, which is generally regarded as possessing a mono- 
carpellary gynoocium Fuchs (1938) states that while the gynoocium in tho 
family is usually made up of a single carpel, tho Aquilarioideae and the Phalonoi- 
doao possess two carpels, while Octolepta has four It, therefore, seems quite 
tenable that a reduction in tho number of carpels has taken place in tho 
family and that ancestrally there were more carpels As an extensivo study of 
the floral anatomy of Ixmoexphon does not fall within the scope of the present 
investigation, a more detailed approach to this question cannot now be made. 

Summary 

1 Tho structure of the flower and the development of the author and the 
ovule are described m detail 

2 The wall of the antlier has four layers tho opidermis, endothecium, 
a single middle layer, and the tapetum All these layers except the epidermis 
are formod from the primary parietal layer The tapetal cells become bi- 
nucleate and similar oells are also formod by the cells of the connective tissue 
of the anther towards tho sporogenous layer 

3 In the developing ovule the apex of the nuoellus becomes oonspiouous 
with the formation of the epidermal cap and the cell complex arising from the 
primary parietal cell There is a conducting strand at the base of the nuoellus 
for supplying nutrition to the growing embryo sac 
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4 The megaspore mother cell is formod by the archesporial cell after a 
parietal cell is out off Tho further behaviour of the mothor coll is normal and 
the embryo sac devolops according to tho usual type 

6 A ohalazal vacuole is seen in the developing embryo sac even after 
the 1-nuoleate stage and its significance is considered in the light of previous 
literature 

6 The synergids sometimes show a spherical body which is regarded as a 
speoial substance to aid m the ontry of the pollen tubo into tho embryo sat 
Both the synergids are then found intact when tho pollen tubo enters, while 
at other times when the body is not seen one of the two synorgids degenerates 
as usual 

7 The first division of tho fertilised egg takes place only after a lew froo 
endosperm nuolei are formed The embryo bocomes oval in form during 
development and lacks a suspensor 

8 The endosperm is at first free nuclear and lator forms a looso tissue 
mado up of large and irregular colls During the free nuclear condition two 
largo nuclei are found at the ohalazal end and they are probably concerned 
actively in the haustonal function of the lower ond of the ombryo sac 

9 As the seed develops tho endosperm tissuo is tomplotoly used up by 
the ombryo Tho structure of the mature seed is described m the paper 

10 The affinities of the Thymelaoaceae are considered, and it has 
been pointed out that, as Joshi (1930) suggests, tho family is derived from 
dichlamydeous ancestors 
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Thirteenth Ordinary General Meeting. 

The Thirteenth Ordinary General Meeting of the National Institute 
of Sciences of India was held in the University Chemical Laboratories, Lahore, 
on the 11th and 12th March, 1940 Owing to the absence of the President 
and the Vice-Presidents, Khan Bahadur M Afzal Husain was appointed 
ohuirman 

Present Khan Bahadur M Afzal Husain 
Prof S S Bhntnagar 
Dr H Chaudhuri 
Principal B L Bhatia 
Prof 8 L Ohose 
Prof P K Kichlu 
Mr E 8 Pinfold 
Prof J N Ray 

Prof 8 P Agharkar, Honorary Secretary 

Besides the Fellows there were also present about 80 visitors on the 
11th and 110 visitors on the 12th March, 1940 

1 The minutes of the 5th Annual General Meeting hi kl on the 2nd 
January, 1940, wore read ancf confirmed 

2 The following Fellow signt d the duplicate obligation and was admitted 
as a Fellow under Rule 13 

Prof P K Kichlu 

3 The following papers were taken as read owing to the absence of the 
authors — 

(1) On the structure of atomic nuclei By M N Saha, S C Sircar 

and K C Mukherji 

(2) On the theory of spiral nebula By D N Moghe (communicated 

by Principal G S Mahajam) 

(3) On the theory of a system of receding particles having a tendency 

to approach the central mass By D N Moghe (communicated 
by Principal G S Mahajam) 

(4) The second maximum of the Rossi curve By N N Das-Gupta 

(communicated by Prof M N Saha) 

(6) The continuous spectrum of hydrogen excited by canal rays of 
hydrogen By V T Chiplonkar (communicated by Prof M N 
Saha) 

4 The following papers were read — 

(1) On the constitution of Chokshtn, a new drug—from Cassia abrus 

By Kartar Singh Narang, J N Ray and K N Gaind 

(2) Magneto chemical methods m chemical research By P L Kapur 

and S S Bhatnagar 
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THIRTEENTH ORDINARY GENERAL MEETING 


5 At the adjourned meeting on the 12th March, 1940, a Symposium 
vas held on ‘ Some aspects of the application of Science to the development 
of Indian Industries ’ 

The following papers were read — 

(1) Geology and the search for oils By E S Pinfold 

(2) The drug industry m India By J N Ray 

(3) Defence Co-ordination and National Planning By Lala Feroz 

Cliand 

(4) Petioleum Products and National Economy By F J Ward 

(5) National Planning By Ruehi Ram Sahm. 

The papers will be published m due course in the Proceedings of the 
National Institute of Sciences of India 

With a vote of thanks to the chair the meeting terminated 
Prof S S Bhatnugar entertained Fellows of the National Institute to 
lunch on the 11th and Khan Bahadur M Afzal Husain to tea on the 12th 
March, 1940 



STUDIES IN THE ISOQUINOUNE SERIES* 


Part IV Syntheses op Bknzo-ihoqiunolinks and a study of the 

METHODS OF PREPARING ISOQUINOLINKS I-ROM THE NAPHTHALENE RING 
By B B Dey and S Rajagopalan 
(Rend January 2 , 1940 ) 


The first synthesis of a benzo-isoqumohno (0 7) appears to havt been 
rained out by Phillips (Ber , 1804, 27, 1023 1805, 2S, 1058), who proceeded 
in an indirect way, according to tho following scheme — 



0 7-benzo-isoqumolino 


A different method was adopted by Putot and Hubert (Ber, 1800, 29, 
1183), Mho prepared 3 4-beii7o-isoqiunolino ami a lew substituted products, 
albeit in poor yields, in the following way — 



3 4-benzo-isoquinobne. 


* Part* T—TIT appeared m the Arthw der Pharmane, Berlin, 1937, pp 383-397, 
pp 397-403; and 1939, pp 177-192 


VOL. VI—No. 2. 


[Published July 19th, 1940. 
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Later, Pictet and Manevitch (^4rcA Set. Phya Not , 1913, 35, 40) claimed 
to have effected the direct syntheses of 1-methyl-5 0-benzo-isoquinolino with 
a naphthalene compound as the starting material, by the steps indicated below — 



1-methyl-5 0- 
benzo-isoquinohne 

We have carefully repeated this work, but we have been unable, in 
spite of repeated attempts, to cariy out the last stage, l e cyclisation of the 
amide to the isoquinohne 

The next syntheses of compounds of this class were those of 1-methyl- 
3 4-dihydro-5 6-benzo-isoquinoline and l-mothyl-3 4-dihydro-7 8-bcnzo- 
lsoqumohne, accomplished by Gibson, Hnnharan, Monon and Simonsen 
(J Chem Soc , 1920, 2247) They started from a- and jB-naphthaldehydes 
and proceeded in the following stages — 

C 10 H 7 CHO + (CH 3 ) 2 CO 

1 

c 10 h 7 ch ch CO ch 3 
{h, 

C io H 7 CH 8 CH a CO CHs 

|nh 2 oh 

C 10 H 7 CH 2 CHj C (N OH) CHs 



l-mothyl-3 4-dih^dro- 1-methyl-3 4-dihydro- 

5 O-benzo-isoqmnoline 7. 8-benzo-isoquinolme. 


IB 
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The yields were stated to bo exceedingly |x>or 

Lately, Moigan and Walls (J Ghem Soc, 1931, 2447) sin cossiully applied 
the Bischlor-Napieralsky method to the preparation ol 1-alkyl, thloroalkyl, 
phenyl- and nitro-phenyI-phenanthndinos in good yields starting, like Putet 
and Hubert (toe ext), with o-ammo-diphenyl Their ihioi mterost lay in 
preparing the 1-ortho-, mota-, and paia-anuno-phonyl phenunthndines (l e 
3 4-beiuo-iBoquinohncs) ol tho following tyjio whuh were exiiocted to bo 
physiologically active — 



Recently, Braun and Nclles (Be) , 1937, 70, 1760) have synthesised 6 7- 
benzo-isoquinoline reported previously by Phillips (Ber, 1894, 27, 1923, 
1896, 28, 1668), in a more Ratiafactoiy manner, thus — 



A survey of the literature relating to the investigations on the benzo- 
lsoqiunohnes referred to above shows that our knowledge of these bodies is very 
incomplete at present The only methods entitled to serious consideration 
as constituting direct syntheses of isoqumohnes from tho naphthalene com¬ 
pounds are thoso of Pictet and Maneviteh (toe ext ) and of Simonsen and his 
co-workers (toe ext ), but oven in the latter casos, the products have not been 
characterised sufficiently fully A systematic study of tho methods of pre¬ 
paration and properties of bonzo-isoquinohnos appears, therefore, to be highly 
desirable 

The present investigation was undertaken with a view to prepare benzo- 
lsoquinolmes of the following type from the easily obtainable a-naphthyl 
methy lamines , the C-atom m the pen position participating in the cyclisation — 
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bon/o-isoquinolino 

Although compounds of the typo Ar-C NCC have been known to resist 
attempts at eychsation to lNoquinolme donvatives (Cf l)ey aud Govmdiuhan, 
Arch Pharm , 1937, 275, 383), it was hoped that the rentalkable activity 
usunllv attributed to tho ]K>n C-atom in the naphthalene nucleus would counter- 
ait this roliKtaiU'o to a groat extent As examples of tho easo with whuh 
pori-pon lyclu compounds are formed, may be mentioned tho syntheses of 
substituted napthastyrils by Rule and Turner (./ Chem Sac , 1936, 317) and 
of 7 8-dihydro-phenalono-9 by Moyer, Fisihci and othora (Ber , 1922, 55, 
1865) from naphthyl-1 propionyl (blonde 

2- and 4-methoxy-naphthyl methylammos and 4-methoxy-naphthyl-a- 
mothyl-mothylamino wore used as our starting materials 

2-methoxy-naphthyl methylamino was obtained by the reduction of 
2-mothoxy naphthaldoxnne (Urady and Goldstein, J Chem Soc , 1927, 130, 
1959), but the yield of tho ammo* was much reduced by the sunultanoous 
formation of considerable amounts of /B-naphthol methyl ether, by the splitting 
off of the side chain in tho a-jiosition This rather unusual reaction has been 
notiood also with 2-hydroxy-naphthaldehydo by Betti and Mundici ( GazeMa, 
1906, 36, 655) A moro satisfactory process for the preparation of 2-hydroxy 
naphthyl methylamino was found in the hydrolysis, studied by Duff and 
Bills (J Chem Soc, 1934, 1307), of tho additior compound of /5-naphthol 
and urotropme The amine gave an N-ucotyl derivative which on methylation 
formed tho acetyl 2-methoxy-naphthyl mothylamine in excellent yield The 
two methods are illustrated by the following scheme — 
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4, methoxy-naphthyl-methylamine was obtained without difficulty from 
p-methoxy-naphthaldoximo (Brady and Goldstein, he ext ) and 4, methoxy- 
naphthyl-a, methyl-methyl amme was prepared from p-methoxy-acetonaph- 
thono oxime (Schneider and Kuhn, Ber, 1921, 54, 2303), by reduction with 
sodium amalgam 

’ The acetyl derivatives of these amines were subjected to the Bischler- 
Napieralsky reaction, pen-peri-benzo-isoqumohnos being expel ted to lie 
formed in the following manner — 



The action of phosphorus oxychlonde with or without toluene or phos¬ 
phorus pentoxide m boiling xylene led to the formation of only non-basic 
substances which could not be purified, while the action of phosphorus penta- 
ehlonde in chloroform on the diacetyl and dibenzoyl derivatives of 2, hydroxy- 
naphthyl methylamine resulted m the formation of small quantities of 
crystalline substances containing chlorine but free from nitrogen It has not 
been possible to investigate the nature of these bodies on account of their 
poor yields 

The failure to Bynthefrise peri-pen-benzo-isoquinolines from substituted 
a, naphthyl-meth ylammes is thus parallel to the fruitless attempts made by 
other workers to obtain isoquinoline derivatives from bases of the benzylamine 
type (of Manmoh and Kuphal, Arch Pharm , 1912, 2JO, 029; Staub, Halv 
Ckm, 1922, 5, 888, Dey and Govmdach&n, Arch Pharm, 1937, 275, 383) 
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Other methods of synthesising these bodies were next explored, and atten¬ 
tion was first directed to their preparation from naphthalene compounds 
having the side chain -C C N C a fair chance of success being anticipated 
from the results obtained in the syntheses of isoqumohne derivatives from the 
analogous /1-phenyl ethylammes The simplest starting materials would 
obviously bo the 1, and 2, naphthyl-jS-ethylaminos, derived from the a and /3- 
naphthaldehydes Considering, however, the difficulties of preparing them 
(Meyer, Stioghtz, Fischer and others, Ber , 1922, 55, 1866), it was decided 
to prepare substituted naphthyl ethylammes from other easily obtainable 
naphthalene compounds 

Attempts were first made to prepare 4, methoxy-naphthyl-/3-ethylamine 
by the usual method and the corresponding /3-naphthyl alanine derivative 
by the method developed by Krlenmeyer and Kreutz {Ann , 1906, 337 , 206) 
for the syntheses of ammoauds These might lie oychsed to the corresponding 
isoqumohne derivatives as indicated m the following scheme — 
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The conversion of a-naphthol into p-hydroxy-naphthaldehyde by the 
Gattermann reaction, and its transformation through the usual stejis to 
4-mothoxy-naphthyl propionamule proceeded without difficulty, but tho corres¬ 
ponding naphthyl cthylamino could under no circumstances bo preparod by the 
usual Hoffmann reaction Again, on attempting to obtain /3-naphthyl alanine 
by condensing p-metlioxj -naphthaldehydo with hippunc acid, it was found that 
although tho azlactone was easily formed, the reduction to p-hyclroxy-naphthyl 
alanine by phosphorus and hydriodic acid by a method similar to that 
descriliod by Gillospie and Snyder (Adam’s Organic Syntheses, 14, 80) was un¬ 
successful, a small amount of a mtrogen-freo substanco which, from analytical 
values, appeared to bo p-hydroxy-naphtliyl pyruvio acid, 

/OH 

CioH a >. 

\CH 2 CO COOH, 

together with a considerable amount of tar were obtained 

Attention was next turned to the syntheses of bcn/o-isoqumohnes from 
naphthyl othylaminos with a /3-hydroxyl group m tho side chain by following 
the method of Pictet and Gams ( Her , 1910, 43, 2384) According to these 
authors tho formation of such normal 1-substituted isoquinolines from tho 
carbinols by loss of two molecules of water, as shown in the scheme given 
below, piocoeds much more easily than that of the dihydro-bases from acyl 
derivatives of jS-phenyl ethylanunes — 


OH(OH) 



Experiments were, therefore, started with /3-acetonaphthone, the cyclisa- 
tion of N-aeet>l-/3-hydroxy-nuphthyl-2-ethyl umine being considered to be 
easier on account of tho reactivity of the a-tarbon atom The course of the 
reactions was planned as follows — 
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CH, 



N OH 



l-mothyl-7 8-bonzo- 
lsoqumohne 


/f-acetonaphthono was converted by the niothod of Claison and Manassee 
(Ber, 1887, 20, 656 and 2194) to its tu-iso-nitroso-donvativo, which was thou 
reduced to ai-ammo-2, acetunnphthone hydrochloride according to tho method 
of Rupe (Ber , 1896, 28, 254) The salt, on treatment with acetic anhydride 
and excess of concentrated sodium hydroxide, gave the N-acetyl derivative 
which was reduced to N-acetyl-/S-hydroxy-naphthyl-2-ethylamine (Pictet and 
Cams, loc ett) This, on treatment with phosphorus pt ntoxido m boiling 
xylene or toluene, yiolded only yellow non-basic resins which could not be 
purified The failure to obtain the lsoqiunohne by this method led us to 
repeat carefully the work of Pictet and Manoviteh (Arch Set Phys Nat (4), 
1913, 35, 40) Those workers started from at, aceto-naphthone and syn¬ 
thesised 1, methyl-5, 6-benzo-isoqumoline on exactly parallel lmes, thus — 


yCHa. 

HOCK NH 



CH 3 
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With but a few minor discrepancies m the melting points of the intermediate 
products, the reactions up to the last stage but one did not present any 
particular difficulty, but all our offorts to prepare the 1, methyl-6 6, benzo- 
lsoqumolme, MP 95°-96°, reported by these workers, by treating the N* 
acetyl-/3-hydroxy-naphthyl-l-ethylamine with phosphorus pentoxide in boiling 
xylene or toluene ended in failure Only coloured, non-basic oils and certain 
amounts of the original uncyclised substance were obtained Before arriving 
at any definite conclusions on this subject, it was considered necessary to 
try similar experiments with 4-methoxy acetonaphthono The exceedingly 
poor yield of the isomtroso ketone led to two alternative methods of preparing 
the <s-amino acetonaphthones (Mannich and Huhn, Ber , 1911, 44, 1642) 
explained m tho following schemes, being tried — 
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(*>) 


/ 


OCH 



/ co \ 

N C a ] 

\x>/ 


In scheme (a), the stages up to the preparation of 4-acetoxy and 4-methoxy- 
w-iodoacetouaphthones proceeded without much difficulty, though the yields 
were, poor, but these gave with hexamethylene tetramine, addition products 
which, unlike those obtained by Munnich and Hahn (loc cut), were insoluble 
m water and gave on treatment with alcoholic HC1, only sticky resins of a 
non-basic character 

In scheme (6), following the method of Gabriel, it was possible to prepare 
4-methoxy-naphthacyl plithalimido fiom 4-methoxy-a>-iodoacetonaphthone, 
but the p-hydroxy-oj-amino-acctonaphthone hydrobromide obtained by 
hydrolysis of the naphthacyl phthalimide could not be acetylated 

Due, therefore, either to the very poor yields of the products or to the 
failure of apparently simple reactions, further attempts in these directions had 
to be abandoned It was then proposed to attempt^he cychsation of com¬ 
pounds of the type C 10 H 7 CO CH 2 NH COR (whore R is an alkyl or aryl 
radical), whon 4-keto-benzo-isoqumohne derivatives would be expected to be 
formed, and these could then be reduced to the tetrahydro isoqumohnes, thus — 



Although Perkin, Campbell and Haworth (J Chrni Soe , 1926, 33) had failed 
to effect the cyolisation of formyl-w-aminoacetoveratrone, and attributed 
their failure to the strong inhibiting influence of the carbonyl group in the 
side chain, it was hoped that the method might be applied with success to 
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the preparation of benzoisoqumolones, particularly in view of the fact that 
Buck (J Am Chem Soc , 1930, 52, 3610) was able to accomplish tho synthesis 
in good yield of a 4-keto-isoqumolmo from homoveratroyl-oi, amino-aooto- 
veratrono according to tho following scheme — 



Tho preparation of N-acyl-cu-amino-acotonaphthones necessary for the 
syntheses of benzoisoquinohnes involves a number of stages starting from the 
naphthyl methyl ketones A simple method for the preparation of mothoxy- 
benzoy 1 -ohuw nonce to-naph th one was found to consist in the condensation 
of a-naphthol methyl ether with hippuryl chlondo in the presence of an¬ 
hydrous aluminium chlondo Judging from analogy, the benzoyl uinino acotyl 
group should have entered tho naphthalene ring in the para-position to the 
methoxyl group as shown below — 


0('H, OCHa 



Attempts to oxidise this compound to p-methoxy naphthoic acid by the use 
of such agents as dilute mtno acid, alkaline hydrogen peroxide, potassium 
permanganate in acetone solution, etc , were unsuccessful, but on boiling with 
hydrobronuc acid, the compound was hydrolysed to 4-hydroxy-w-amino 
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acotonaphihone hydrobronudo which was identified with the sample obtained 
previously from 4-mothoxy naphthaeyl phthalimide (p 163) 

Our expectation that 4-koto-ben/oi8oqninolino8 could lie prepared by this 
method has now been fully realised, 1,phonyl-3,4-dihydro-4,koto-7,mothoxy- 
5 6-benzoisoquinolme being obtained leadily and in a satisfactory yield, wlien 
4-methoxy-beiuoyl-<o-ammo-acotonftphthone was warmed with phosphoius 
oxychloride m toluene, thus 



The reaction appears, therefore, to constitute .« goncial method for the syn¬ 
theses of 4-keto-isocpnnolines 

We followed up this successful cyelisation by studving the action of 
phosphoius oxychloride m toluene on the two act tyl to-a miner acetonaphthones, 
deiived from a- and /3-naphthyl methyl ketones The closure of the two 
moment compounds to the toms|x>nding bcn/o-isocjuinolmoH occurred with 
ldtility, as expected, ac cot ding to the schemes given below 



W'iAjN 



\/\C 

1-methyl-3,4-dihydro-4,keto- 
5 6,benzoiHOC|iunohne 


N 



1 -methyl -3,4-dihydro-4,koto- 
7 8, benzo -1 soquinoli no 


All the three benzoisoqumolones are weak bases Thoy do not dissolve 
easily m acids and can be completely extracted from acid solutions A number 
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of salts of each have been prepared in order to characterise them m sufficient 
detail The koto group present in these compounds seems to be unroactive, 
and it has not boon found possible to prepare any of the common denvatives 
The compounds have also resisted so far all attempts at reduction by the usual 
chemical methods. 


Expekimeetal 


2,rmthoxy-mphlhyl-methylamitie, 


NH, 



2,melkoxy-rutphthaldehyde w as prepared in the iihuhI way from /J-naphthol 
methyl other, zinc cyanide, aluminium chloude and diy HC1 18 gms 
of the aldehydo crystallising fiom ligroin m pale yellow noodles, MP 82°, 
were obtained from 20 gms ol the methyl ether The tie micarba zone, MP 
213°, and the oxime, M P 154°-165°, wore obtained in quantitative yields 

2,methoxy-to,iutro-naphthyl ethylene, propared trom the aldehyde, 
mtromethano and methyl alcoholic caustic potash, crystallised from glacial 
acetic acid m golden yellow needles, M P 141° 

The reduction of the oxime to the amme was earned out as follows — 

18 gms of 2-methoxy naphthaldoxime dissolved in 75 o c alcohol 
were treated with 400 gms of 4|% sodium amalgam added in small portions, 
with shaking Tho solution was kept faintly acidic throughout by periodical 
additions of 50% aoetic acid and the temporature was maintained between 
50°-70° by cooling at the tap The excess of alcohol and acetic acid was distilled 
off under reduced pressure on a boiling water-bath The distillate contained 
a steam-volatile, colourless crystalline solid (4 gms), M P 72° It was 
identified as 0-naphthol methyl ether by the non-depression. ol its melting 
point when admixed with a pure specimen of /3-naphthol methyl ether 

Tho aqueous rosiduo was repeatodly extracted with other so as to free it 
from coloured oily non-basic impurities The aqueous solution was cooled 
in ice, strongly basifiod with excess of concentrated caustic soda and extracted 
with ether The ether extract was dned over anhydrous potassium carbonate 
and distilled The residue of 2-methoxy naphthyl methylamme solidified 
to a pale yellow crystalline solid M P 41°-42°, after sintering at 40° Yield, 
6 gms 

0 0932 gm of the base gave 6 1 o c nitrogen at 31° and 745 mm. pressure 
Found. N = 7 22%; C 12 H 18 ON requires N = 7*49% 

The hydrobromide melted at 246° (decomp ) 
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The acetyl derivative crystallised from dilute alcohol m colourless, silky 
needles M P 172° 

0 1161 gm gave 0 0664 gm of H 2 0 and 03106 gm of CO^, also 0 1274 gin 
yielded 6 8 c c of nitrogen at 28° and 740 8 mm pressure 
Found 0 = 72 96%, H = 6 36%, N = 6 26% 

CuH 16 0 2 N requires C = 73 36%, H = 6 63%, N= 6 12% 
The benzoyl derivative was prepared by adding benzoyl chloride to a 
solution of the base in dry benzene, evaporating the solvent and decomposing 
the excess of benzoyl chlonde by standing with dilute caustic soda for a few 
minutes It crystallised from dilute alcohol in colourless needlos, M P 166° 
0 1860 gm gave 8 2 c e nitrogen at 29° and 747 9 mm pressure 
Found N = 4 90%, C 19 H 17 0 2 N requires N = 4 81% 

The picrate crystallised from acetic acid as yellow needles M P 216° (d ) 
0 1026 gm yielded 131 c v nitrogen at 30° and 748 mm pressure 
Found N = 14 12%, C 18 H 16 0 7 N4 requires N = 14 00% 

2-hydroxy-naphthyl methyl amine 10 gms of jS-naphthol and 10 gms of 
hexamethylene tetramine in 40 c c glacial acotic acid wore heated together 
under reflux at 100° for one hour Tho solution whs concentrated to a small 
bulk by distilling tho majoi portion of tho solvent, cooled and the mixture 
of jS-naphthol aldehyde and 2-hydroxy naphthyl methyl ammo hydrochloride 
filtered The hydrochloride was separated by extrac ting tho mixture repeat¬ 
edly (five times) with a large volume of water at 60° and concentrating the 
extract. On cooling, the sparingly soluble hydrochloride separated out 
Yield, 6 gms M P 226°-230° (decomp ) The insoluble residue, weighing 3-4 
gms , was found to be nearly pure /J-naphthol aldehyde The free base was 
obtained as a yellow crystalline solid on triturating the base hydrochloride 
with excess of ammonia or aqueous Hodium carbonate MP 136°-138° 

N-acetyl-2-hydroxy-naphthyl methyl amine was obtained in a quantitative 
yield by shaking a suspension of the base in water with acetic anhydride for 
a few minutes It crystallised from dilute alcohol in colourless needles 
M P 160° 

0 0910 gm gave 0 0631 gm of H a 0 and 0 2420 gm G'O a . 

Found C = 72 62%, H = 6 47% 

Ci,H 18 0 8 N requires C = 72 66%, H - 6 07% 

N-acetyl-2,methoxy-naphthyl methyl amine was obtained in excellent yield 
by shaking up a solution of N-acetyl-2,hydroxy-naphthyl methyl amine m 
dilute caustic soda with dimethyl sulphate for a fow minutes It crystallised 
from dilute alcohol as colourless silky needles melting at 172°, identical with 
that prepared from 2,methoxy-naphthyl methyl amine (see above). 

The N-acctyU2/icetoxy-naphthyl methyl amine, obtained by shaking the 
hydroxy-base with excess of aoetic anhydride and alkali, crystallised from 
alcohol as colourless needles M P 171°-172°. 
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0 1022 gm gavo 0 2020 gm C'O.^ and 0 0542 gm H>0, 0 1862 gm gave 
0 8 c c nitrogen at 20° and 747 9 mm pressure 
Found C = 70 17%, H = 5 89%, N = 5 88 % 

C 16 Hi B «jN requires C = 70 04%, H = 5 84%, N = 5 45% 

The N-benzoyl-2,benzoyloxy-naj>hthyl methyl amine, t rystalliRcd from acetic 
at id iih (olourless piisms M P 212° 

0 1262 gm of substance gave 0 3648 gm C0 2 and 0 0568 gin H 2 0 
Found V = 78 84%, H = 4 99% 

C 25 H 18 O 3 N ix quires C = 78 74%, H = 5 00% 

Ati'emiied oyclisation of acetyl, 2-mjtiioxy-naphthyi 

METHYL AMINE 

(a) By the method of Bwchler and Napterahky I gm of the acetyl donva 
live ol the anuue was treated with 6 c c phosphoryl chlonde, when it went 
into a < tear solution This was heated undu reflux on a lioiling watei-bath toi 
one hour with the exclusion of moisture The daik colon it'd solution was 
(ooled and poured on to flushed ico A dark oil separated out which gradually 
solidified The mixture was allowed to attain the room temperature and then 
hltired The filtiate was strongly cooled in ice, basihed with excess ol con¬ 
centrated alkali and the clear aqueous solution repeatedly extracted with 
ether Tho ether extract, on drying and distilling, left no residue The solid 
product of the reaction obtained abovo was insoluble in dilute acids and con¬ 
tained phosphorus It could not be puufied furthor 

The same result was obtained when toluene was used as a diluent and 
phosphoius pontoxide or phosphoius pentachlonde were substituted as tho 
(y< lising agents 

(b) By the method of Decker and Becker 1 gm of the amine dissolved 
111 2 c c of methanol was heated with 2 c c of lormalm at 60°-70° for 20 minute's 
when a thick reddish brown oil separated out The supernatant liquid was 
decanted oft, tho residual syrup freed lrom formalin by washing repeatedly 
with small amounts of water, and then treatod with 4-6 c c of strong HC1 
Tho mixture was warmed on the boiling water-bath for 10 to 15 minutes, 
diluted with water and filtered Tho aqueous solution, on cooling, deposited 
an orango coloured solid (0 8 gm ) which was found to bo only a neutral product, 
with no definite melting point, and which on prolonged heating with concen¬ 
trated HC1 split off formaldehyde and gave the original amine on basification 
and extraction with ether The product was therefore behoved to be the N- 
formyhdene oompound, 

0CH s 

C W H^ 

CH 2 N—CH 2 , or its polymer 
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The original aqueous acid filtiate from this compound did not yield any basic 
product on working up m tho usual way The same result was obtained when 
methylal was substituted for foimalin in the above experiment 

Action of PCl 6 on the duicetyl derivative of 2-hydroxy-naphthyl methyl 
amine 1 gm of the substance m chloroform was treated with 4 gms of 
PC1 6 and allowed to stand overnight and then warmed at 70° for an hour 
The mixture was pouied on to crushed no and the resulting oil kopt in contact 
with diluted alcohol when it slowly solidified Crystallisation from alcohol 
gave colourless needles M V 182° The substance contained chlorine but no 
nitrogen It was analysed but could not bo investigated fuither 

0 880 gm gave 0 2210 gm C0 2 and 0 0342 gm H 2 0, 0 1426 gm of sub¬ 
stance gave 0 1187 gm AgCl 

Found 0 = 68 48% ,H = 4 32%, Cl = 20 69% 

Action of PC1 6 on the dthenzoyl derivative of 2-hydroxy-naphthyl methyl 
amine A mixture of 1 gm of substance and 1 gm ol PCI 6 in c hloroform was 
allowed to stand overnight, tho chloroform evaporated away at tho ordinary 
temperature and tho residuo troated with ice, when an oil separated out which 
solidified on treatment with a little alcohol It was rocrystallised from dilute 
alcohol Colourless needles M P 126° Tho substance, contaimng chlorine 
but no nitrogen, appoarod to be similar to tho previous compound 

01008 gm of substance gave 0 2077 gm C0 2 and 0 0610 gm H 2 G. 
0 1292 gm of substance yielded 0 0981 gm of AgCl 
Found C = 66 22%, H = 6 79%, Cl = 12 82% 

OMe 


4,methoxy-naphthyl methyl amine 

CH 2 

nh 2 

4,hydroxy-naphthaldehyde was prepared by the method of Adams and 
Levine («/ Amer Ghem tioc, 1923, 45, 2373) 17 gms of colourless needles, 

M P 182°, wore obtained from 20 gms of a-naphtbol 

The methyl ether (Brady and Goldstein, J Ghem Soc , 1927, 130, 1959) 
was obtained by methylation with methyl sulphate and alkah as an oil, B P 
185°-190°/10 mm in a yield of 70 per cent of theory 

4,methoxy-naphthaldoxime (Schopf and Bayorlo, Ann , 1934, 613, 190) 
was readily obtained in a quantitative yield by refluxing the aldehyde with 
hydroxylamine hydrochloride and alkah m alcoholic solution It crystallised 
from benzene as colourless needles, M.P 108°. 

3 5 gms of the oxime, dissolved in 20 c c of alcohol, were treated with 
small portions of 4% sodium amalgam (100 gms ) with shaking. The solution 
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was kept faintly acidic throughout by penodioal addition of 50% acetio acid 
and tho temperature of the mixture was maintained between 50°-70° by cooling 
under the tap The excess of alcohol and acetio acid was distilled off under 
reduced pressure over a boiling water-bath The residual aqueous solution 
was repeatedly exhausted with chloroform (120 c c) with a view to free it 
from non-basic impurities The acid solution on working up in the usual way 
did not yield any basic product Evaporation of the chloroform extract after 
drying over calcium chloride, however, yielded 2 6 gms of a crystalline solid, 
which was found to be the acetate of the base It was re crystallised from 
chloroform as colourless rods M P 160° 

01396 gm (dried at 100°) yielded 7 4 o c nitrogen at 29° and 745 mm. 
pressure. 

Found N ss 6*89%, C 14 H 17 C>8N requires N » 6 67% 

The 4-methoxy-naphthyl methyl amine was obtamod as a thick oil by 
basifying the acetate 

The hydrochloride crystallised from water as long, colourless needles, 
M P. 216° (decomp ) 

0 1823 gm (dned at 100°) yielded 0 1180 gm of AgCl 
Found Cl = 16 01%, C 12 H 14 0NC1 requires Cl = 15 86% 

The acetyl derivative crystallised from alcohol as colourless plates 
M P 136° 

0 01740 gm gave 0*04659 gm CO a and 0 00996 gm. H a O 
0 1310 gm yielded 7 3 o c nitrogen at 29° and 745 mm pressure 
Found C = 73 03%, H = 6 36%, N « 6 20% 

CuHiftOsN requires C = 73 36%, H = 6 53%, N = 6 12% 

Tho pucrate crystallised from glacial acetic acid as golden yellow rods 
M P 240°-243° (decomp ) 

Attempted cycheatum of acetyl-4-methoxy-naphthyl methyl amine 1 gm 
of the acetyl derivative in 4 o c toluene was gently refluxed with 3 c o plios- 
phoryl chlonde on the Band-bath for an hour, with the exclusion of moisture 
The dark red solution was cooled, poured on to crushed ice, allowed to come 
to the room temperature with stirring and exhausted with chloroform so as to 
free it from non-basic impurities. The aqueous acid solution, on working up 
m the usual way, yielded a reddish brown, non-basic ream which could not be 
purified. 

OMe 


SB 



4,methoxy-naphthyUa.,methyl methyl amine 
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4,methoxy-acetonapfUhone This ketone has been formerly prepared by 
Gattermann, Erhardt and Maisch (Ber , 1890, 23, 1208) by the action of acetyl 
chloride on a,naphthyl methyl other m tho presonce of anhydrous aluminium 
chloride Later, Schneidor and Kuhn ( Ber , 1921, 54, 2305) prepared the 



ketone m a better yield by using a sulphuric acid-acetic anhydride mixture 
The following method is found to give a better yield and a purer product 

A mixture of 40 gins of a-naphthyl methyl ether (Witt and Schneider, 
Ber , 1901, 34, 3173) m 100 c c carbon-disulphide and 40 gms of anhydrous 
aluminium chloride was treated m the course of an hour with 40 c c acotio 
anhydride (1 6 mols ) addod little by little with shaking and with the exclusion 
of moisture The mixture was gently refluxed on the water-bath for throe hours 
and allowed to stand overnight The mixture was then poured on to crushed 
ice, aoidified with a large excess of concentrated HC1, so as to dissolve the 
precipitated aluminium hydroxide and ropeatedly extracted with ether The 
ether extract was washed with dilute caustic soda followed by water several 
times, the ether driven off and the residue then distilled under ordinary pressure 
The portion boiling between 300°-350° crystallised on cooling Tho p-methoxy 
aoetonaphthone, which was contaminated with small amounts of a-naphthol 
methyl ether, was obtained pure after washing with a little petroleum ether 
MP 09°-7O° Yield, 22 gms 

4-methoxy acetonaphthone oxime (Schneider and Kuhn, he cU) 5 gms of 
the ketone, 1 8 gms hydroxylaraino hydrochlondo (1 25 mols) and 3 gms 
banum carbonate were heated together mfiOcc alcohol under reflux on the 
water-bath for five hours The mixture was filtered hot and the BaCO# washed 
twioe with small amounts of hot alcohol Tho alcoholic solution was concen¬ 
trated to a fourth of its volume and diluted with 5 c o water, whon the oxime 
crystallised out as colourless needles M P. 122°-123°, after sintering at 120° 
Yield, 4 9 gms. 

4-methoxy-naphthyl-tx-rnethyl methyl amine 4 8 gms of p-methoxy aoeto¬ 
naphthone oxime dissolved in 30 o o. alcohol were treated with 150 gms of 
4% sodium amalgam, added little by little with shaking The reaction mixture 
was kept faintly acidio throughout by periodical addition of 50% acetic acid 
The temperature was maintained between 60°-70 6 , by cooling under the tap 
whenever necessary. The mixture was tapped off from the mercury, filtered 
and the excess of aloohol and aoetio acid removed by distillin g under reduced 
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pressure over a boiling water-bath The aquoous solution was cooled, basified 
strongly and repeatedly extracted with chloroform The ohloroform extract 
was then exhausted with dilute acetic ac id Tho acid extract on treatment 
with an excess of concentrated HC1 deposited tho sparingly soluble hydro¬ 
chloride It was rocrystallised from boibng watei Colourless, hexagonal 
plates M P 270° Yield, 3 gms 

Tho free base was obtained as a thick pale yelknv oil by treatment of the 
hydroohlonde with alkali 

0 1082 gm of the oil gavo 0 8 e c nitrogen at 31° and 745 1 nun pressure 
Found N =a 6 90%, C 13 H 1B ON requires N = 6 96% 

0 2440 gm of the hydrochloride gave 0 1470 gm of AgCl 
Found Cl = 16 00%, C 13 H 15 0NC1 roquires Cl = 14 93% 

The acetyl derivative crystallised from dilute alcohol as colouiless, silky 
needles M P 174° 

0 01224 gm gavo 0 03427 gm C0 2 and 0 00732 gm H 2 0 01142 gm 

yielded 6 9 c c mtrogon at 30° and 748 mm pleasure 
Found C = 74 60%, H = 6 63%, N = 5 73% 

Ci B Hi 7 0 2 N requires C = 74 08%, H = 6 99%, N = 5 76% 

The benzoyl derivative crystallised from a mixture of methanol and acetic 
acid as colourless, silky needloa M P. 198° 

0 0952 gm gave 3 9 c c mtrogon at 30° and 748 mm pressure 
Found N = 4-54% 

C2 oHi 0 0 2 N requires JN = 4 59% 

The picrate crystallised from glacial acotio acid as golden yellow prismatic 
needles MP 255°(d). 

Attempted cychsatum of acetyl, 4-methoxy-naphthyl-a.-methyl methyl amine. 
1 gm of the acetyl derivative was heated with 5 c c P0C1 3 on the boiling 
water-bath foi two hours, with the exclusion of moisture Tho whole of tho 
amide went into solution The solution was cooled and poured on to crushed 
loe, when there was a large separation of a dark green resinous product insoluble 
in, dilute acid solution Tho mixture was extracted with chloroform so as to 
free it from this lion-basic impurity Tho residual dark green resin obtained 
from the chloroform extract could not bo purified The aqueous solution on 
workmg up in the usual way did not yield any basic product. 

The use of tolueno as a diluent in tho above reaction also led to the same 
result 

Attempted synthesis of substituted naphthyl-fi-methyUamines from ai-naphthol- 
4,aldehyde. 

4,carbethoxy-naphthaldehyde 1 gm of 4-hydroxy-iiaphthaldehyde dissolved 
in dilute NaOH (IN) was treated in tho cold with 1 c c ethyl chloroformic 
ester and shaken for about 20 minutes, when a dark brown oil resulted This 
on treatment with methanol and nibbing solidified to a brown mass which 
crystallised from alcohol as colourless needles M P 89° Yield 0-7 gm 
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0 01482 gm gave 0 03806 gm C0 2 and 0 00680 gm H 2 0 
Found C = 70 03%, H = 510%, C 14 H 12 0 4 requires C = 68 85%, 
H = 4 92% 

Attempts to prepare 4-carbethoxy naphthyl aeryhe acid by heating the 
aldehyde and malontc and with pyndino and piperidine in the usual manner 
were unsuccessful The product, was found to be the p-hydroxy-naphthal- 
dehyde M P 182° 

A similar failure was met with on attempting to prepare tho mtrostyrene 
derivative by condensation with nitrometbane under tho usual conditions 

4-methoxy-naphthyl acrylic acid This a< id has been foimerly obtained by 
Housset (Bnll Soc Chun , 1904, 17, 307) in 20% yield by heating 4-naethoxy 
nnphthaldehyde with aoetn anhydride and sodium acetate at 180° for 36 
hours The following method is smiploi amt gives ,i neatly quantitative 
yield of tho acid 

9 gms of tho methoxy naphtliuldehydo, 9 8 gins dry malonu acid 
(1 5 niols ), 8 3 c c pyndino (l 6 tnols ) and 4 drops of piperidine wore heated 
together under reflux on the boiling watoi-bath for an hour, followed by 
gentlo boiling for 15 minutes over a naked flame The mixture was cooled 
and poured into excess of ice-cold dilute liydrochlone acid The sejuirated 
solid was filtered, dried on tho plate and crystallised from toluene Colourless 
needles, M P 215°-217° Yield, 8 5 gms 

4-mcthoxy naphthyl propionic acid This has boon prepared previously 
by Wnidaus (Btr , 1917, 50, 1120) and by Ruhemann and Levy ( ibid , 1920, 
55S, 265) by catalytic hydrogenation of the acrylic acid 

8 6 gms of the acrylic acid was reduced by 200 gms of 3% sodium amalgam 
m neutral or faintly alkabne solution at tho room temperature The alkabne 
solution wuh filtered, cooled and acidified with concentrated HC1 anil the pre¬ 
cipitated propionic acid crystallised from dilute alcohol Colourless needles, 
M P 163°-165° Yield, 7 5 gms 

4-mcthoxy naphthyl propumamidc A current of dry ammonia gas was 
passed through 7 2 gms. of the molten acid heated in an oil-bath at 165°-170° 
for 5-6 hours The red oily residue was dissolved m 25 c c of a saturated 
solution of sodium bicarbonate, when an oil separated out This solidified 
slowly on treatment with a bttle alcohol and nibbing with a rod The alkaline 
0CH 8 


CH 2 CH s CO NHj 

mother-liquor on concentration on the water-bath gave some more of the amide. 
The amide crystallised from dilute alcohol as colourless needles, MP. 113° 
Yield, 2 6 gms. Weight of recovered acid from the bicarbonate solution, 
1 8 gm 
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0*1044 gra gave 10 8 o o. nitrogen at 31° and 743 3 mm pressure. 

Found N = 6 10%, C u H 16 0 8 N requires N = 6 11% 

Several attempts were made to prepare 4-mothoxy naphthyl ethylamwe 
from the propionamide by the Hoffmann reaction but they were all unsuccessful, 
only non-basic resinous matter being obtained 

Experiments towards the Synthesis op a /3-naphthyl alanine 
Azlactone of a-benzoylamino-p-methoxy-naphthyl acrylic acid 10 gms 
of 4-methoxy naphthaldehyde, 6 gms of dry hippuno acid (1 2 mols ), 2 7 gms 
freshly fused sodium acetate (1 2 mols) and 8 c c pure acetic anhydride 
(3 mols) were slowly heated together on the oil-bath at 110° The mixture 


OMo 



slightly liquefied at first and then solidified to an orange-red crystalline mass 
After continuing the heating for another 2 hours, 26 c c alcohol were added, 
the mass broken up, filtered and washed with 16 c c alcohol (3 lots) followed 
by 10 c c of boiling water The crystalline azlactone was obtained in a high 
state of purity Recrystallisation from ligroin gave orange-red needles, M P 
188°. Yield, 7*6 gms 

0*1333 gm. gave 6 3 c o nitrogen at 32° and 740 mm 
Found N = 4 27%, C 81 H 16 0 8 N requires N = 4 22% 

Attempted preparation of fi-4-hydroxy-naphthyl alanine (Gillespie and 
Snyder, Adam’s Organic Synthesis, 14, 80) 

A mixture of 3 gms of the azlactone, 3 gms of red phosphorus and 16 o c 
acetic anhydride was treated with 26 o c of 60% hydnodic acid, during the 
course of half an hour with good shaking The mixture was refluxed for four 
hours, cooled, filtered and the phosphorus washed twice with small quantities 
of aoetic acid The filtrate was evaporated on the water-bath under reduoed 
pressure, 20 c c of water added and the solution evaporated again to dryness. 
The residue was extracted with small amounts of boiling water The filtrate, 
on oooling, yielded colourless plate-shaped crystals of an acid which oontamed 
no nitrogen M P. 122° Yield, 0*2 gm The insoluble tarry residue gave no 
evidenoe of the presence of the expected dl-/9-4-hydroxy-naphthyl alanine. 
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The acid, on analysis, appeared to be the 4,hydroxy-naphthyl-pyruvic 
acid. 

0*01268 gm gave 0 03019 gm C0 2 and 0 000607 gm H 2 0 
Found* C = 66 46%, H = 4 48% 

C 18 H 10 O 4 *H a O requires C = 65 27%, H = 4 00% 

a-benzoyl amno-p-methoxy naphthyl acrylic and 
0 gms of the azlactono suspended in 1,000 e c water was stirred me¬ 
chanically on the boiling water-bath and treated with 1 gm. of NaOH in 10 c c 



of water The mixture was heated with stirring for 4-6 hours and filtered 
hot from a considerable amount of the unchanged azlaotone, cooled, acidified 
with dilute HC1 and filtered The acrylic acid crystallised from glacial 
acetic acid as pale yellow prismatic needles M P 230° Yield, 3 gms 
Weight of recovered azlactone, 2 6 gms 

0 01760 gm. gave 0 04087 gm C0 2 and 0 00701 gm H 2 0 
Found C = 72 80%, H = 72 63%; H = 4 90% 

C 2 iH 17 0 4 N requires C = 72 63%, H = 4 90% 

a-benzoylamxno-p-meihoxy-naphihyl propxonxc and, 

2 gms of the acid suspended in 100 c c water in a separating funnel was 
treated with dilute caustic soda till just dissolved, and 76 gms of 3% sodium 

OCH a 



amalgam were added little by little with shaking in the course of about an 
hour. The reaction-mixture was maintained faintly alkaline or neutral by 
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adding periodically small amounts of dilute acetic acid The aqueous solu¬ 
tion was filtered and acidified with dilute HCl, when an oil separated which 
soon solidified The mixture was allowed to stand overnight and filtered 
and the reduced acul crystallised from toluene Small white needles M P 
1G6°-168° Yield, 0 21 gm 

0 01262 gm gave 0 03300 gm C0 2 and 0 00631 gm H 2 0 
Found C = 72 01%, H = 5 6% 

C 21 H 19 0 4 N requires C = 72 21%, H = 6 45% 

Synthesis of N-ACETYL-j8-HYDROXY-NAraTHYL-2-RTHYLAMINK AND 
ATTEMPTED OYCUSATION OF THE SAME 

fsoniirom-2-aretonaphlhone A mixture ol 2 7 gms of sodium dissolved 
in 60 cc absolute alcohol and 16 gms of 0-acetonaphthono stiongly cooled 
in a freezing mixture was treated with 1G 2 ( c ol freshly prepared amyl nitnte 
(1 26 mols ) added drop by drop with good shaking in the course of an hour 
and a half The mixture was tightly ooikod up and allowed to stand at 0° 
for three days The orange-red sodium salt of the aj-isorntroso ketono was 
filtered and repentedly washed with absolute alcohol and ether The aqueous 
solution of the sodium salt was filtered, cooled and acidified with excess of 
dilute acotio acid The yield of the isomtroso ketone was 8 6 gms or 60% of 
theory (M P 90°-91 °) It was crystallised from alcohol Pale yellow needles, 
M P 93°-94° 

0 2240 gm gave 14 7 o e nitrogen at 30’5° and 746 7 nim pressure 

Found N = 7 22%, C ia H 8 0 2 N requires N = 7 04% 

oi-amxno-2-acetonaphthone hydrochUmdr A mixture of 30 gms of an¬ 
hydrous stannous chloride and 100 c c absolute alcohol was saturated with dry 
HCl gas at —5°, a solution of 8 6 gms of isomtroso acetonaplithone in 30 o c 
absolute alcohol added in tliree instalments, and the solution saturated again 


NH a . HCl 



with HCl gas at —6° The mixture was allowed to attam room temperature 
and stand overnight The white crystalline tm double compound was filtered, 
washed with a little alcohol, dissolved in hot water (about 160 co) and 
decomposed twice with sulphuretted hydrogen The colourless aqueous 
filtrate was oonoentrated to a small bulk on the water-bath and finally eva¬ 
porated to dryness in a vacuum over sulphuno acid The residue of hydro- 
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chloride was recrystal 1 wed twice from alcohol Colourless plates, M P 220° 
(decomp). Yield, 4 6 gms or 49% of them y 
0 2166 gm gave 0 1447 gm of AgCl 
Found. Cl = 16 60% 

Ci 2 Hi S ONC 1 requires Cl = 16 01% 

The ptcrate crystallised from glacial acetic acul as golden yelloa prismatic 
needles M P 189° (decomp) 

Aceti/l-o)-amtno-2-acelonapMhone 4 G gms of tho hydrochloride, dissolved 
in water, woro treated with 5 c o acetic anhydride atid excess of concentrated 



NaOH Much heat was evolved and tho crystalline acetyl compound 
separated out in the courso of about 15 minutes Kecrystallisation fiom 
alcohol gave colourless needles M P 132°-133° Yield, 4 6 gms 

0*01470 gm gave 0 04010 gm C0 2 and 0 00790 gm H 2 O,0J482gm gavo 
8 4 c o nitrogen at 30 5° and 746*7 mm pressure 
Found: C = 74 4%; H - 6 01%, N = 6 26% 

C M Hi 8 O a N requires C «= 74 0%, H = 5 73%, N = 6*17% 

N-acetyl-fi-hydroxy naphthyl-2-ethylawine 4 6 gms of the above amide 
dissolved in 40 c c absolute alcohol was treated with small portions of 3% 
sodium amalgam (about 3 mols ) with good shaking Acetic acid was added 



from time to time to keep the medium faintly acidic and the temperature 
maintained between 50°-60° by cooling now and then under the tap The 
aloohol-aoetic acid solution was concentrated to about 16 o o and diluted 
with 100 c c. water and the separated carbmol filtered after an hour. Two 
crystallisations from benzene gave thin hairy crystals M P. 96°. Yield, 3 4 
gms., or 70% of theory. 
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0-01617 gm gave 0-04260 gm C0 2 and 0*00908 gm H 2 0 
Found C = 73 69%, H<=6 42% 

C 14 H 1# O s N requires C = 73 40%, H * 6 66% 

Ptcrate of fi-hydroxy-naphihyl-2-ethylamine Acetyl-hydroxy-naphthyl 
ethylamine was boiled with dilute HC1 (4N) for a few minutes, the solution 
filtered and treated with dilute alkali till faintly acidic and then treated with a 
slight excess of saturated picric acid solution The precipitated picrate 
crystallised from absolute alcohol as stout yellow prisms, decomposing suddenly 
at 334° with a feeble explosion 

Attempted cydtsation of acetyl-fi-hydroxy-naphthyl-2-ethyUimtne 1 gm 
of acetyl j8-hydroxy-naphthyl ethylamine was dissolved in 16 o o dry xylene 
by warming and the solution added to a flask containing 6 gms of phosphorus 
pentoxide The mixture was gently boiled in an oil-batb for about 16 minutes 
when a semi-solid, dark yellow mass appeared at the bottom of the flask 
The heating was continued for another quarter of an hour and the supernatant 
liquid decanted off while it was still warm The rosidue was treated with 
crushed ice and the mixture allowed to attain the room temperature slowly 
with stirring There was a good separation of a yellowish non-basio resinous 
produot which could not be purified, while the aqueous acid filtrate gave no 
traoe of any basic material when worked up in the usual manner 

The reaction was repeated under different conditions using toluene as a 
solvent and also phosphorus pentachloride in cliloroform with virtually the 
same result 

Preparation op N-acetyl-^-hydroxy-naphthyl-I-ethylabane and at¬ 
tempted CYCLI8ATION TO 1-METHYL-5 6-BENZOISOQUINOLINK, REPORTED 

BY Piotet AND Manevitch (Arch Set Phys Nat (4), 1913, 35, 40) 
w-am\no-ai-acetonaphth(me hydrochlonde A mixture of 6 8 gms of sodium 
(1 26 mols) dissolved in 160 c c absolute methanol and 40 gms of a-naphthyl 
methyl ketone strongly cooled in a freezing mixture was treated with 32 4 c o 
freshly prepared amyl nitrite (1 mol) added drop by drop with good shaking, in 
the course of two hours The mixture was tightly corked up and allowed to 
stand at 0° for three days As the separation of the orange-red sodium salt was 
very small the isonitroso ketone was not isolated Instead, the solution was 
added drop by drop to a strongly cooled solution of 60 gms of SnCl 2 in 100 c c 
absolute methanol saturated with HC1 gas The mixture was again saturated 
with HC1 at 0° and allowed to stand overnight The tin double compound 
was filtered and washed with alcohol, followed by water It was then 
suspended m 400 o o hot water containing HC1 and repeatedly decomposed 
with HgS The hot aqueous filtrate on slight concentration soon deposited 
almost the whole of the sparingly soluble hydroohlonde as crystals It was 
obtained pure by one crystallisation from boiling water MP 268°-269° 
(Piotet and Manevitch gave M.P 246“-260°) Yield, 9-6 gms. 
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Acetyl-ta-amtno-l-acetoiuiphthone A suspension of 5 gms of the powdered 
hydrochloride in 40 o o water and 6 c c acetic anhydride was strongly cooled 
in ice and shaken with excess of concentrated caustic soda, added gradually 
The orystalline acetyl derivative soon separated out It was rocrystallised 
from dilute alcohol as colourless noodles, M P 102° Yield, 4 8 gms 

N-acetyl-fi-hydroxy-naphthyl-1-ethylamxne 3 6 gms of the above amide 
dissolved in 30 c c of absolute methanol was treated with small portions of 
60 gms of 3% sodium amalgam and the mixture worked up in the usual way 
Two crystallisations from toluene gave colourless plates, MP 160°-161° 
(Pictet and Manevitch givo M P 146°-146°) Yield, 1 4 gms 

Attempted cyclteatton of acetyl-fl-hydroxy-naphthyl-1-ethylamtne 0 7 gm 
of the above carbmol dissolved in 12 o c warm, dry xyleno was added to a 
flask containing 3 4 gms of P z 0 6 The mixture was gently refluxed m an oil- 
bath for 20 minutes with the exclusion of moisture The warm supernatant 
liquid was decanted off and the residuo treated with crushed ice and the 
mixture slowly allowed to come to the room temperature with stirring As 
observed by Pictet and Manevitch, a clear solution did not result, but there 
remained always a certain quantity of undissolved resinous material This 
was separated by repeated extractions with chloroform m which it dissolved 
and from which it was recovered by evaporation On examination it proved 
to be non-basic The clear aqueous at id solution was strongly cooled, basified 
with excess of concentrated NaOH and repeatedly extracted with chloroform 
The chloroform extract was dried over K 2 C0 8 and distilled 0 16 gm of a 
crystalline Bolid, MP 148°-160°, was loft behind This, on crystallisation 
from toluene, meltod at 160°-151°, and did not lower the melting point or the 
original uncyclised carbmol 

Repetition of the experiment under other conditions led to the same 
result 


Experiments towards the preparation of a substituted o»-amino- 

ACETONAPHTHONE STARTING FROM a-NAPHTHOL 

a -naphthol methyl ether was prepared from a-naphthol by the method of 
Witt and Schneider (Ber , 1904, 34, 3173) 40 gms of the ether, B P 264°, 

were obtained from 50 gms of naphthol 

4-methoxy acetonaphthone was prepared by the method described before 
(p 163) 

4-meihoxy-\san\troso-acet<maphthone (Madmaveitia, Bull Soc Chtm , 1919, 
26, 601) was prepared as usual from a mixture of 4 6 gms sodium m 100 c c 
alcohol, 22 gms finely powdered p-methoxy acetonaphthone and 18 o o freshly 
prepared amyl nitrite (1-26 mols ) 

Yield of the crude product, 3 6 gms Weight of unreacted ketone recovered, 
6 gms The lsomtroso ketone crystallised from alcohol as greenish yellow 
needles, M.P. 161°. 
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Preparation of 4-hydroxi/-w-cbtoracdonaphthone (Houben, Ber , 1926, 59, 
2876) A mixturo of 10 gms of a-naplithol, 6 3 gms elUoracetomtrile (1 mol) 
in 25 c c anhydrous ethoi and 10 gms anhydrous sane chloride was saturated 
with dry HCl gas at 0°, with the exclusion ol moisture The ketimine hydio- 
chlonde separated out as a greenish j'ellow solid in about half an hour The 
supernatant liquid was docanted off anfl the tesidue washed twice with small 
amounts of dry ether The solid was dissolved in 100 c c warm wator, heated 
to boiling and allowed to stand for an hour The separate! 4-hydroxy-a>- 
c hlorocetonaphthono was crystallised from alcohol White, silky needles 
M P 184° Yield, 7 5 gms 

4-aceioxy-ai-chloracelonapMhone was prepared by boiling the hydioxy 
compound with acetic anhydude and a drop of pyndino, till dissolved, and 
pouting the solution into excess of wntoi 'Dm oil, winch sepirated nut, soon 
solidified It crystallised horn alcohol ns rolouilews hexagonal plates MP 
118° 

0 2166 gm of substance gave 0 2128 gm AgOl 
Found Cl = 13 66%, Ci 4 H u 0 3 CI icqmres Cl = 13 51% 
4-hydrory-w-wdoacetonaphthone 4 gms of 4-hydroxy-oj-c hloracetonaph¬ 
thono dissolved in acetone was treated with a solution of 3 gms Nal 
in acetono and the mixture allowed to Htand overnight and poured into excess 
of ice water, when a thick oil sepaiated out The supernatant aqueous layer 
was poured off and the residual oil treated with hgrom After nibbing with a 
rod, it solidified to a pale yellow solid, which was filtered and washed well with 
ligroin It crystallised from toluene as pale yellow prismatic needles 
0 1376 ein of substance gave 0 1048 gm Agl 
Found 1 = 41 00%, C 12 H a 0 2 I requires I = 40 70% 

4-acetoxy-w-todUmcet-onaphthoTU' was prepared similarly from 4,ucetoxy-o>- 
Lhloroaoefonaphthone It crystallised from alcohol as pale yellow plates 
M P 73° Yield, quantitative 

0*1076 gra of substance gave 0*1022 gm of Agl. 

Found I = 35 99%; C^HnOgl requires I = 35 86% 

Addition compound of 4-acetnxy-w-iodoacetonaphthonf and urotropme A 
solution of 5 gms of 4-acetoxy-co-iodoacetonaphthone in dry ohloroform was 
treated with a solution of 2 gms of urotropme in ohloroform and the mixturo 
allowed to stand at the room temperature for three days The separated yellow 
crystalline solid was filtered, washed with chloroform and dried M P 169°- 
170° Yield, 3 5 gms The product was insoluble even in boiling water 
0 1422 gm of the substance gave 14*9 c o nitrogen at 31° and 742 mm. 
pressure 

Found N = 11 61% , CjoH^OaN requires N -= 11 33% 

Attempts to prepare 4-hydroxy-u>-aminoacetonaphthone from the above 
were unsuccessful 
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4-wethoxy-w-chlorac^elonaphihmr Tins 1ms been obtained by Madina- 
veitia and Puyal ( Anale* Soc e«pan jis qmn , 1019, 17, 125) by tho action of 
Cl CH 2 CO Cl on a-naphthyl methvl etliu and reported to melt at 70° 
It is now found to bo more convenient to prepare the kotono by the Hoescb 
reaction 

A mixture of 10 gms of a-nuphthyl methyl other, 5 gms of chloracetonitrde 
in 30 c c anhydrous ether and It) gms of anhydrous AIC1 3 was saturated with 
diy HC1 gas at 0° The kotinline hydrochloride sepaiat ed as a thick oil which 
slowly solidified after a numbor of hours The reaction mixture was allowed 
to stand ovormght, the ether poured ofi and the reHidual solid washed twice 
with ether It was then decomposed by boiling with 100 c c watoi for n few 
minutes when a brownish oil separated out The aquoous layer wan decanted 
off and tho oil allowed to stand in tho cold w'ltli excess of pctioleum othoi and 
nibbed Tho mothoxy-chloiacetonaphthono solidified to a yellow solid and 
crystallised from alcohol in colourless needles M P 75 l Yield, 7 gms 
0 1320 gm of substance gave 0 0822 gm of AgCl 
Found Cl = 16 39%, C 18 H n 0 2 Cl requires Cl = 15 12% 
4-mtthoxy-w-todoacelo7iaphthone, prepared in tho usual way, ciystallised 
fiom alcohol as pale yellow prismatic needles MP 71 u -73° 

0 1242 gm of substance gave 0 0898 gm of Agl 
Found I = 38 22% , C 18 U n 0 2 I requires I = 38 90% 

No pure picxlucts could be obtained from tho above by the usual method 
of reaction with uiotropme, and our plan to prepare the 4-mothoxy -aj-aimno- 
acetonaphthono in this way had therefore to bo given up 
4-methoxy-naphthacyl phihalttnxde 


OCHg 



2 5 gms of 4-mcthoxy-cs-iodoaeetonaphthono and 2 gms of potassium 
phthalimide (M mol ) in 15 c c alcohol were heated together lor three hours 
under reflux, cooled in ice and treated with 5 c c water to dissolve the KI 
The product was filtered, washed with alcohol and water and crystallised 
from aoetio acid White prismatic needles M P 216° Yield, T9 gms 

0 1820 gm of substance gavo flb oc nitrogen at 31° and 739*3 mm 
pressure 

Found* N = 3*95%, C2iH 16 0 4 N requires N 4*07% 
4-hydroxy-w-amxnoaceionaphthone hydrobromxde 1*2 gms of p-metlioxy 
naphthacyl phtlialunide were dissolved in boiling glacial acetic acid, 16 c c of 
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concentrated hydro bromic acid added and the mixture heated under reflux 
for 4-6 hours with tho exclusion of moisture It was then poured into 40 o o 
wator, filtered from the separated phthalic acid and the filtrate evaporated to 
dryness on the water-bath The rosidue of impure hydrobromide of the base 
was crystallised twice from dilute hydrobromic acid Colourless needles 
M P 268°-270° (decomp ) 

01164 gm gave 48 co nitrogen at 30 6° and 742 mm pressure; also 
0*1600 gm gave 0*0983 gm AgBr 
Pound. N <=»4 67%, Br - 27 90% 

C 12 H 12 0 2 NBr requires N = 4*96%, Br « 28*34% 

The jncrate crystallised from water as yellow needles M P 186°-187° 
(decomp). 

0 0680 gm gave 8 2 c c nitrogen at 31° and 741 mm pressure 
Found N = 13 20%, C 18 H 14 0 B N 4 requires N = 13 03% 

Synthesis of 1-phenyl-3,4,dihydro-4-kkto-7-methoxy- 
6 0-BKN7O-ISOQUINOLINE 
Be7izoyl-<jj-amino-4-melhoxy-aceioiiaphthone 


OCH 8 



A mixture of a-naphthol methyl other (10 gms ), carbon disulphide (40 c c ), 
and anhydrous aluminium chloride (10 gms) was treated little by little with 
hlppuryl chlonde (12 6 gms ) prepared by tho method of Fischer (JBer, 1906, 
38, 612), and tho mixture vigorously shaken with the complete exclusion 
of moisture It was then gently refluxed on the wator bath for two hours and 
allowed to stand overnight. The supernatant layer of carbon disulphide was 
poured off, the residue washed once with 26 o c petroleum ether and the solid 
product thrown into crushed ice and acidified with an excess of concentrated 
HC1 The separated Bolid was filtered, washed with dilute alkali and then with 
water several times, and finally crystallised from a mixture of alcohol and 
chloroform Long, colourless needles M P 161° Yield, 7 6 gms 4*6 gms 
of a-naphthol-mothyl ether were recovered from the carbon disulphide and 
petroleum ether extraots 

0 01482 gm gave 0 04076 gm C0 2 and 0*00747 gm H s O, 0*1464 gm 
gave 6*2 c o nitrogen at 32° and 739 mm. pressure 
Found C « 74*99%, H « 6 60%; N « 4*61%. 

C*oH 17 0 8 NRequires C - 76*23%, H = 6*33%, N « 4 39% 
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Attempts to oxidise the product to 4,mothoxy-naphthoic acid were 
unsuccessful 


N-benzoyl-fi-hydrozy-(4-melhoxy-naphthyl-l)-ethyl amine 
OCH, 


00 , 
(OH)HcA JnH 

CHg 


-<z> 


0 6 gm of 4-methoxy-benzoyl-w-aminoacetonaphthone and a solution of 
0 75 gm of sodium dissolvod in 10 c c absolute methanol were boiled together 
with 1 gm of zinc dust for 3-4 hours on the water-bath The alcoholic solution 
was filtered hot and diluted with excess of water The carbinol whioh 
separated out as yellow flocks was dried and crystallised twice from a 
mixture of benzene and ligroin Wluto leaflets M P 217°-219° (decomp ) 

0 01512 gm gave 0 04160 gm CO g and 0 00844 gm H a O 
Found C - 76-01%, H = 6-20% 

CaoHioOjN requires C = 74 76%, H = 5 92% 

Attempted oxidation of d-methoxy-berizoyl-aj-aminoacetonaphthone to 4- 
methoxy-rmpMhoic acid 0-5 gm substance suspended m 10 o o dilute NaOH 
(IN) was treated with 10 o c of ‘Perhydrol’ and allowod to stand overnight 
The original compound was recovered completely by filtration 

Warming the substance with dilute HN0 8 resulted m resmifioation and 
henoe no pure product could be isolated 

1 gm of substance was treated with KMnO* in acetone drop by drop till 
there was a permanent pmk colour on leaving for some time The solution was 
filtered and evaporated to dryness, the solid washed with water and crystallised 
from alcohol M P 161° This was only the original substance 

Hydrolysis of 4-methoxy -benzoyl-cj-aminoacetonaphthone to 4-hydroxy-w- 
ammo-acetonaphthone hydrobromide The benzoyl-aminoacetonaphthone (1 
gm) dissolved m boiling acetic acid was treated with 10 c o concentrated 
hydrobromic acid and the mixture heated under reflux for 4-5 hours It was 
then poured into 30 o c water, filtered and the solution concentrated when 
benzoio acid separated out The filtrate was evaporated to dryness on the 
water bath and the residual solid crystallised from dilute hydrobromic acid. 
Colourless needles. M P 268°-270° (decomp ) This was identical with the 
sample obtained by hydrolysis of 4-methoxy naphthacyl phthalumde, there 
being no lowering of melting point on admixture. The piorates derived from 
the two samples were also found to be identical. (M.P. 180°-187°.) 
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l-phenyl-'i,4-dihijflro-4-ket*)-7-melhojry-5 6-bcnzvitn>quinulmc 



l gm of 4-mcthoxy- ben zo y 1 -anunoaceto ilaphthoito and 2 t < phosphorus 
oxychloride in 5 c e toluene Mere heated togothor under reflux foi an horn on 
tho sand-bath, moisture bomg excluded with a i ah nun chlonde tube The 
slightly coloured solution was poured on to crushed ice, when a groyish 
yollow solid separated out The mixture was allowed to attam tho room tem¬ 
perature and tho solid material filtered, washed with water and then with 
petroleum and dried on tho plate It crystallised from alcohol as colourless 
prismatic needles M P 101°-102° Yield, 0 7 gm The aqueous filtrate 
from the above did not yield any other basic substance on workmg up m the 
usual way 

The benzo-isoquuiohno dissolved easily in acetone, chloroform and etlior, 
sparingly in alcohol, benzene or toluene and was insoluble in water or petro¬ 
leum ether The solutions in theso organic solvents wore characterised by a 
fine blue fluoresoence It was a woak base and did not dissolvo m dilute acids 
even on warming It dissolved partly in hot concentrated acids but on dilution 
of the solution the base was not reprecipitated On rubbing with concentrated 
HC1 in tho presence of a Uttlo alcohol, a greenish-yellow solid was formed, 
which, aftei crystallisation from methanol, meltod rather indefinitely between 
145°-160° This was evidently the hydrochloride 

0 01608 gm gavo 0 04417 gm C0 2 and 0 00694 gm li 2 0, also, 0 1040 gm 
gave 4 5 c o mtrogon at 32° and 741-4 mm pressure. 

Found C= 79 89%, H = 6 12%; N = 4-72% 

CsoHjsOjN requires C = 70 73%, H - 4 98%, N = 4 66% 

The hydrobroimde crystallised from absolute alcohol as greenish yellow 
needles M P 20l°-203° (decomp ) 

0*1162 gm ot substance gave 0 0674 gm. AgBr 

Found Bi = 20 01%, C M H 1# 0 2 NBr requires Br = 20 93% 

The methiodxde. 0 5 gm of the substance in 3 o o chloroform and 1 c c 
methyl iodide wore heated together in a sealed tube at 100° for an hour The 
separated dark green cryBtalhno solid was filtored, washed with a little chloro¬ 
form and finally recrystallised from alcohol Bark green, glistening needles 
MP. 196° (decomp). 

0*1436 gm. of substance gave 0*0766 gm of Agl. 

Found I - 28 82% r C 21 H 18 0*NI requires I « 28 07% 
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The ptcrate was rather easily obtained in a state of purity by mixin g 
together the constituents in warm alcoholic solutions It crystallised from 
alcohol as slender goldon yellow needles M P 168° (decomp ) 

0 1094 gm gave 10 6 e e nitrogen at 31° and 743 3 mm pressure 
Found N = 10 64%, CwHxgOgN* requires N = 10 66% 

The reduction of the koto-isoquinolme with zinc and sulphuric acid was 
tried but only unchanged material was recovoied 
Synthesis of l-melhyl-3,4,<hhydro-4-keto-5 6-benzotsogutnoltne 

oh 8 


4 gms of acetyl-oi-anuno-l-aeotonaphthono (see p 161) and 8 co of 
phosphorus oxychloride m 16 oc toluene were gently refluxed for an hour 
on the sand-bath, with the exclusion of moisture The slightly coloured 
solution was poured on to crushed ice and the mixture allowod to attain tho 
room temperature when an almost clear solution resulted It was filtered 
from a little tarry matter and repeatedly extracteil with chloroform The 
chloroform extract was washed with dilute alkali and water, dried over potas¬ 
sium carbonate and distilled The keto-isoqmnolino was loft belund as an 
oil (2 4 gms ) Tho aqueous acid solution did not yield any othor basic sub¬ 
stance on working up in tho usual way 

0 02032 gm of the oil gave 0 06269 gm C0 8 and 0 00930 gm H a O 
Found C = 83 99%, H = 609% 

C u H u ON requires C = 84 41%, H = 5 63% 

The meihtodtde crystallised from chloroform and alcohol as long colourless 
needles. M P 208°-209° (decomp ) 

0 1404 gm gave 0*0942 gm of AgCl 

Found I = 36 17%, C 16 H 14 OHI requires l = 36*18% 

The ptcrate obtamed in the usual way crystallised lrom acetic acid as 
yellow rosettes of neodles M P 166° (decomp ) 

0 1070 gm gave 12*6 c c nitrogen at 31° and 743 mm pressure 
Found. N « 12 82%, CjaHuOgN* requires N = 12*79% 

Synthesis of l-methyl-3,4>dt-dydro-4-lceto-7 8-benzotsoqutndtne 
N 
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2 gms of acetyl-a)'amino-2-aoetonftphthono (see p 169) and 4 c c of 
phosphorus oxychloride m 10 c c toluene wore gently refluxed for an hour 
on the sand-bath, with the exclusion ot moisture The solution was poured 
on to crushed ice, the dear aqueous sloution exhausted with cliloiotoim and 
the chloroform extract worked up as before 1 4 gms of a crystalline solid 
was loft behind The koto isoquinoline crystallised from alcohol as long, 
colourless prismatic necdlos MP 90°-91° No other basic product was 
obtained on working up the acid solution in the usual way 

0 01004 gm gave 0 03084 gm C0 2 and 0 00602 gm H 2 0, also 0 0914 gm 
gavo 6*8 o c nitrogen at 31° and 744 mm pressure 
Found C = 83 79%, H = 6 5(>%, N = 6 97% 

C u H u ON requires C = 84 41%, H = 6 63%, N = 6 70% 

The hydrobromide orystallised from dilute hydrobionnc acid as clusters 
of colourless noedlos MP 261° (docomp ) 

0 1130 gm gave 0 096 gm AgBr 

Found Br == 36 02%, C 14 H 12 ONBr requires Br = 36 34% 

The methwdide crystallised from absolute alcohol as daik red needles 
M P 168°-160° (decomp ) 

0 1060 gm gave 0 0707 gm of Agl 

Found I = 36 90%, C 15 H 14 ONl requnes I = 3b 18% 

The picraie crystallised from alcohol as yollow needles M P 193® 
(decomp ) 

0 0704 gave 8*1 c c nitrogen at 31° and 742 mm pressure 
Found N = 12 62%, C ao H 14 0 8 N 4 requires N = 12 78% 

Synthesis of l,methyl-3,4'dihydro-4,hcto-7,rnLthoxy-6 6,benzoisoquinohne 



(o) Preparation of 4,methoxy-acetyl-co-amtno-acelonaphthone 



3B 


uH a - NH - CO. CH S 
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Acetyl glycine was obtained by the method of Radenhauser (J Prakt 
Chem , 1896, 62, 438), and the chloride prepared according to the directions 
given by Max ( Ann, 1909, 369, 28b) 6 8 gms of the chloride were condensed 

with 7 gms of a-naphthol methyl ethei in 30 c c carbon disulphide in the 
presence of 6 gms. of anhydrous aluminium clilondo, and the product isolated 
in the usual manner Tho acetylammoacetonaphthone crystallised from 
alcohol as colourless needles, M P 94°-96° Yield, 4 8 gms 
0-1637 gm gavo 8 2 o c N 2 at 26° and 762 mm 
Found : N = 5 66%, C 16 H 1B 0 8 N requires N, 6 46% 

(6) Preparation of the henzo-isoqutnohne Tho acetylaminoacetonaph- 
thone (3 gms ), toluene (10 c c ) and phosphorus oxychloride (4 c e ) were heated 
to boiling on a sand-bath for an hout and the product worked up os usual 
The lsoqumolino crystallised from ligroin as colourless needles, MP 74° 
Yield, 2-3 gms 

0 1908 gm gave 10 2 e e N 2 at 27° and 762 mm 
Found N mm 6 02% , C 16 H 18 0 2 N requires N, 6 81% 

The hydrobromide crystallised in colouiloss prisms M P 217° (docomp ) 

0 2046 gm gave 0 1200 gm AgBr 

Found Br = 24 96%, <' 16 H u 0 2 NBi lequnes Br, 24 91% 

The methiodide sepaiatod from chloroform as stout rod needlos, MP 
211°-213° (docomp) 

0 1974 gm gave 0 1204 gm Agl 
Found 1 = 32 97% 

C 18 H 1( j 0 2 NI requires I, 33 32% 

The picrate crystallised from alcohol as mango rod prisms M P 164° 
(decomp) 

0 1420 gm gave 16 33 c o N 2 at 27° and 762 mm 
Found: N= 12 06% 

C 21 H 18 0 2 N 4 requires N, 11 96% 

BenzoyUto-amtno-acetophenone was prepared from 15 gms of freshly 
prepared hippuryl chloride (of Gabriel, Bex, 1910, 43, 134, Pictet, ibid , 
2387), 20 oc dry benzene and 12 gms of anhydrous alumunium ohlorido 
Colourless needles from dilute alcohol, M P 122°-123° Yield, 1 2 gms, 

],phenyl-3,4,dihydro~4,keto-t8oquinohne 

CH 2 


C* 
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Benzoyl-w-aminoacetophenono (1 gm), phosphoryl chlonde (2 o o) 
and toluene (6 o o) were gently refluxed on the sand-bath for 45 minutes, 
and the isoquinohno was isolated in the usual way Colourless noodles from 
alcohol, M P 70° Yield, 0 8 gms 

0 1302 gm gave 7 0 c c N 2 and 753 mm 
Found N - 6 06% 

Ci 6 H u ON requires N, 0 33% 

7’Aejncrate crystallised from water as yellov needles MP 173° (decomp ) 

0 1228 gm gave 13 3 c c N 2 at 27° and 763 mm 
Found N = 12*20% 

C I iH 14 0 8 N 4 roqmros N, 12 44% 

2-methoxy-benzoyLw^ni%noacei<maphth*me was prepared in a very poor 
yield (0 26 gm) from 10 gms of /?-naphthyl methyl othor, 12 6 gms of hippurjl 
chlonde and 10 gms of aluminium clilondo in 3ft c o of carbon disulphide 
It crystallised from alcohol as glistening rectangular plates M P 167 c -168° 
Considerable amounts of unreacted noiolm and ol hippurio acid were isolated 
from the reaction mixture 

0 1603 gm gave 5 8 c c N g at 20° and 752 mm 
Found N = 4 20% 

CaoHi 7 0 8 N requires N, 4 39% 

4-methoxy benzmjl-ti}^m\no(i(x.U)j'hen^ was prepared m the samo way from 
16 gms hippuryl chlonde, 10 0 gins anisol and 12 gms aluminium clilonde 
in 25 oo CS 8 Colourless rectangular platos MP 112°-113° The yield 
was only 0 5 gm 

0 1776 gm gave 7 7 c c N 8 at 26° and 762 mm 
Found N = 6 10% 

C lfl H 16 0 3 N requires N, 5*21% 

Attempts to oyclise these kotones to the lsoqumoluies havo not hitherto 
been successful 

Summary 

The action of tho common cyclising agents like phosphoryl chloride on the 
aoetyl derivatives of 2,mothoxy- and 4,methoxy-naphthyl-methyl amino 
and of 4,methoxy-naphthyl-a-methyl-methylammo has been investigated 
Only non-basio matenals, difficult to purify, Were obtained The expedition 
that the Bischlor-Napioralsky reaction could bo applied to these aoet-a- 
naphthyl methyl anudes so as to get benzoisoquinolincs by condensation at 
the pen-position lias, therefore, not been realised The failure to cyolise 
these compounds is parallel to the fruitless attempts made by other workers 
to prepare lsoquinohnoe from bases of the benzyl-amino type 

Attempts made to prepare substituted naphthyl-j8-ethyl-anunes from 
easily accessible naphthalene compounds and to oyclise them to benzo- 
lsoqumoluies havo also not been suooessful 
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A simple practical method for the preparation of the acyl-ai-amino- 
acetophonones and -acetonaphthonos, sometimes m good yields, by the con- 
densation of phenol- and naphthol-cthers with lnppuryl and acetyl glycyl 
chlorides has been worked out Several of thoso compounds have been 
converted by the usual methods into 3,4 ) dihvdro4,keto-benzo-isoqmnolmes, 
modorately good yields being obtained 

The benzo-isoquinolonos prepared m tins manner are found to be rather 
weak bases It has not boon possible yet to ieduce them to the corresponding 
tetrahydro-isoquinohnes 

Presidency Collbqb, 

Madras , 

27th November, 1939 




STUDIES IN THE ISOQUINOLINE SERIES 


Pabt V 4,Coumako-methyl, 3,Coumaro-methyl, and 3,Coumaryl-1- 

ISOQUINOLINKS 

By B B Dhy and K Sankaean 
(Read January 2,1940 ) 

Although the lactone ring has boon found to occur bo frequently in nature, 
either as a- or y-py rones, in glucosides and iu natural colouring matters, there 
are only a few instances known of tho presence ol such ring systems in heteio- 
cyclic bases The two host known examples of natural alkaloids containing 
tho lactone img are those of narcotine and pilocarpine, having respectively 
tho following constitutions — 


CH 2 Me 



Narcotine 

Among the laboratory attempts at syntheses of comjiounds, containing the 
combined lactone and heterocyclic basic group, may be mentioned the work of 
Dey and Goswami (J Chem Soc , 1919, 15, 531), on 1 8-^-isonaphthoxazones 
by the application of Skraup’s reaction to 6-ammo coumanns, and its extension 
to homologues of quinolino-6 6-a-pyrones, by the application of the Doebner- 
Miller reaction to these 6-amino-coumanns (Dey and Seshadn, J IC 8 ,1926, 
Fol III, p. 187), thus. 
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It was hoped in the beginning that lsoqumolino-pyronos, like the 
quinolmo-pyronos mentioned above, might he synthesised on similar hnes by 
the route Hhown below — 


0 0 0 



This expectation has unfortunately not been realised by us, all attempts at 
obtaining the 4-coumaryl methyl amine from the corresponding coumarm-4- 
acetamide being unsuccessful 

Isoquinolines with a coumaryl group substituted in position I were, 
however, readily obtained from the coumann-4- and 3-acetic acids, and j9- 
phenyl ethyl aminos like homopiperonyl and homoveratryl amines The 
reactivity and properties of these ooumann acids (Dey and co-workers, JIC 8 , 
1924, Fol /, 107, ibid, 1931, Vol VIII, 247; ibid, 1931, Vol VIII, 817, 
ibid , 1934, Vol XI, 381) have been found to be quite similar to those of acetic 
and phenyl acetio acids The substitution of these for the usual fatty or 
aromatic acids in the syntheses of 1-substituted isoquinolines, and a study of 
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the changes in physiological properties, if any, resulting from the inclusion 
of the pyrone ring in their molecules, soomod, thoreforo, to be of considerable 
importance The recent patents of E Morck & Co [DRP 613 005 (1035), 
E Merck & Co , Dalmer and WerdoL, 012 592 (1937) inference in Ameucan 
Chemical Abstracts, (1937, November)] wherein have been prepared the 
coumann 3-carboxylic acid salts of papaverine and of trans-ephedrino, which are 
claimed to have woll-markod sedative and antispasmodic action, lent additional 
interest to the investigation Mertk’s preparations were only salts oi the 
lsoquinoline bases with the loumurm (arboxyln acids No syntheses of 
coumaryl isoquinolmes are known and it was thoreforo (onsidored desirable 
to undertake a systematic study of the syntheses, properties and possible 
pharmacological actions of these bodies 

The syntheses of the 1-coumaryl isoquinolmes via the j9-phonyl ethyl 
amides of the couinann acids and oycJisation of the latter into the isoquinolmes 
by the Bischler-Napieralsky method has been found to proved normally ami 
smoothly according to the following s< heme — 


CH 2 



where R = a coumaro-4-methyl or a coumaryl-group This reaction furnishes 
a general method of synthesis of 1-coumaryl lsoqumohnes 

The formation of isoquinolmes from homopiperonylamine and homo- 
veratryl amine on the one hand and (u) 7-methyl coumann 4-acetic acid, ( b) 
co uman n 3-carboxylic acid, and (c) coumann 3-aeetic acid on the other is 
shown in the schemes A, B and C given below — 
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CHo C 
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CH S 


C CO 




Jh 2 


00 



Isoquinohnes from coumann-4,acetic acids 1, (7-methyl-4-coumaro methyl)- 
6 7,methylene dtoxy- or dimethoxy-3 4,dihydro-isoqvinoline and derivatives 

7-methyl coumarin 4-acetic acid was prepared by the direct method of 
Dey and Row (JI C S , 1924, Vol I, 107) from citric acid and meta-cresol 
Homopiperonylamine was prepared by tho method of Buck and Perkin ( J Ghem 
Hoc , 1924, 125, 1676) and homoveratryl amino by a slightly modifiod method of 
Ray (J IC S , 1927, Vol IV 403) The condensation of those to the intermediary 
amides was effected generally by heating the amine and the ethyl ester (Fries 
and Volk, Ann , 1911, 379, 107) at 120°, m solvents like toluene or xylene The 
difficulty arising from the tendency of the coumarm-4-acetic acid to be decar- 
boxylated was thus avoided The amides separated in an almost pure condition 
and the yields were generally good Cyclisation occurred readily when 
phosphorus oxychloride was used as the cyclising agent, and the major portion 
of the reaction product was obtained as the hydrochloride of the base While 
tho free bases are yellow, tho hydrochlorides are colourloss crystalline solids 
They have a bitter taste The lsoqumohnes are not strong bases and are 
readily precipitated from aqueous solutions of their hydrochlorides by sodium 
carbonate solution Reduction to the tetrfthydro isoquinohnes has been 
accomplished in most cases, using zinc and sulphuric acid The hydroohlonde 
of the tetrahydro base from homoveratryl amine and 7-methyl coumann 4- 
acetic acid ester has been found to decompose rather rapidly when kept 


Isoquinohnes from coumann-3,carboxylic acids 1, ( 3-coumaryl)-6 • 7,methylene 
dtoxy- or dimethoxy-3 4,dthydro-isoquinohnes and derivatives 

The coumann-3,carboxylic ethyl ester required m these investigations 
has been prepared in almost quantitative yields by the method of Knoevenagel 
(Ber , 31, 2693) from salicyl aldehyde and malomc ester. The condensation 
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to the intermediary amides was earned out according to the method descnbed 
in Section A .Both the free base and its hydrochlonde have been obtained 
m satisfactory yields under the usual conditions of expenmentation The 
interesting fact was noticed that the fine liases in this case were colourless 
and then hydmchlondos were yellow while the opposite is the case with the 
compounds descrilied m faction A A curious observation to record is that 
relating to the physical character ol tho cychsation product of the amide 
derived from homoveratryl amine It liivanably set itself to a boautiful 
fluorescent jelly, which dissolved m hot water, but again formod the jelly on 
cooling In this case, the byclrochlot ides woro obtained by passing dry 
HOI into benzene solutions of tho respective bases Reduction of tho 1, (3- 
tournaryl)-0 7 methylene dioxy-3 4, dihydro-isoquinolme was not successful 


Isoqutnohnes from coumann-3,acetic acids 1, (3 coumaro-methyl)-6 7,methylene 
dtoxy- or dimethoxy-3 4-dihydro-isoquinolines and derivatives 

The coumann-3, acetic acid was prepared by the method of Doy and 
Sankaianarayanan (JIGS, 1931, Vol VIII, 817) The condensation to the 
amide was effected by hooting the two components without any solvent The 
yields were not as satisfactory as m the former cases, large amounts of by¬ 
products being obtained Cychsation, too, led to tho formation of considerable 
amounts of tarry products which made it rather difficult to isolate the pure 
lsoqumohne The free base is yellow in colour but the salt which was first 
obtained as a solid soon turned into an oil which was only partly soluble m 
water, showing that partial decomposition had taken place. 


General properties of the coumaryUtsoquinoltnes 

All the five 1-coumaryl isoquinohnes which have boon synthesised have 
a woak basic character They dissolve m acids only slowly and can be 
completely extracted from their acid solutions with chloroform Salts such 
as the hydrochlonde, hydrobromide, nitrate and picrate have, however, 
been prepared in the pure state Tho methiodides were generally obtained 
pure on heating the base and methyl iodide under pressure They begin 
to decompose on attempting to crystallise them from water or alcohol The 
bases, too, decomposed slowly on keeping and were found to be preserved 
best in the form of their hydrochlondes 

A study of the aotion of alkali on these bodies should be of interest, as 
compounds of the pyndocoline type are expected to arise as a result of the 
opening of the pyrone ring The following scheme explains the reactions 
involved.— 
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Investigations in this direction are in progress 


Experimental 

The homopiporonylamino required in these investigations was prepared 
mainly by the method of Buck and Perkin (J Chem Hoc , 1925, 126, 1675) 
7,methylcoumar%n-4-acetu> actd vas prepared by the method of Dey and 
Row (JIGS, 1924, Vol 1, 197) 9 g of the ooumarm acetic acid crys- 

lAllimg m needles, M P 190°, and 4 g of 4,7-dimotbyl ooumarm, M P 134°, 
were ob tai ned from 24 g of citric acid and 10 g. of metal-cresol. 
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Tho othyl ostcr (Fries and Volk, Ann ,1911, 379, 107) was easily prepared 
by saturating an absolute alcoholic solution ot tho acid with dry HCl gas 

7-methyl, counuirm-4,acet-3 4-methylene dtoxy-fi-phenyl ethyl amide 



3 30 g oi homopiperonylamine and 4 90 g of the ester were heated 
together with 30 c t of toluene loi a period of 3 to 4 hours at its boiling point, 
moisture bomg excluded On tooling, the amide separated out as a crystalline 
solid which was fdtered, washed with dilute HCl and water alternately, and 
crystallised from a large quantity ol alcohol Clusters of snow-white needlos 
MP 197° Yield, 45g 

0 2482 g gave 8 4 o c. of nitrogen at 29° and 764 mm 
Found N, 3 77 per cent. 

C 2 iH 10 O 6 N requires N, 3 83 per cent 

1 - 17 methyl-4,coumaromethyl)-0 7,methylene dioxy-3 4,dthydro-ieoqutnoltne 


CHq 



2 g of the above amide were dissolved in 20 o o toluene and refluxed 
on the sand-bath with 12 o.o. of phosphorus oxyohlonde for 1} hours The 
contents became dark coloured and a crystalline solid appeared towards the 
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ond of tho reaction, the quantity of which moronsed as tho flask cooled down 
Tho deeply coloured fluoroscont solution was pouted into crushed ho Tho 
thick oil which separated, sohdiiied in about an hour It was filtered, washed 
with dilute alcohol and finally eiystalhsod from hot water Shining plates, 
M P 265° (d ) Yield, 0 9 g This was found to bo tho hydrochloride of tho 
base 

The coloured acid filtrate was separated from tho toluono layer and then 
ropoatedly exhausted with chloroform and tho oxtiact dnod over anhydrous 
potassium carbonate On removing tho solvent, tho froo base was loft behind 
as a coloured mass which cr^stalhsod fiom bon/eno or from tolueno-potroloum 
othor mixture in short stout needles, M P 184° Yield, 0 6 g 

0 1696 g of tho base gave 0 4614 g of C0 2 and 0 0770 g of water, 
2 609 milligiams gave 0 090 c c of nitrogen at 22 6 ° and 767 mm pressure , 
9 276 milligrams of the hydroehlondo gave 3 420 milligiams ol AgCl 
Pound 0, 72 69 per cent, H, 5 04 per cent, N, 4 02 jjoi tout 

C 21 H 17 O 4 N requires C, 72 60 pei cent, 11, 4 89 poi cent, N, 4 03 
per cent 

Pound Cl, 9 11 per cent 

C 21 H 17 0 4 NC1 requires Cl, 9 25 per cent 
(Analyses by Di lug A Seholler oi Berlin ) 

Tho free base is yellow in colour and is soluble in ill (onimon organic 
solvents It oau bo oasily oxtracted from ac id solutions The aCjiioous solution 
of tho hydroehlondo is strongly fluorescent and is oxtromoly bittor to tho 
taste The tree base is precipitated irom aqueous solutions of tho hydroehlondo 
by sodium carbonate solution, both tho froo base and the hydroehlondo decom¬ 
pose slowly cm keoping 

The hydrobromuie was obtained as fern-shaped 1 rystals w hen the free base 
was rubbed with a few diops of concentrated hydrobromic acid, M P 268° (d ) 
0 186 g gave 0 0800 g of AgBr. 

Pound. Br, 18 53 per cent 

CjiHjgO^NBr requires Br, 18 69 por cent 
The methuxhde was obtamod by hoatuig tho base and methyl iodide in a 
soaled tube and washing the dark coloured solid product with a little chloroform 
Attempts at crystallisation failed as the compound began to decompose 
M P 228° (d ) 

0-1416 g. gave 0-0676 g of Agl 
Pound: I, 25-79 per oent 

C 82 Hjjo0 4 NI requires I, 25 97 per oent 
The nitrate was obtained as plates by rubbing the base with dilute nitrio 
acid M P 166° 

The pxcrate wrb obtained as a yellow precipitate on mixing alcohoho 
solutions of the base and picno aoid, it crystallised from glacial acetic acid as 
yellow needles M P. 248° (d ) 
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0 1790 g gave 15 6 c e of mtrogon at 28° and 762 7 mm 
Pound N, 9 73 per eont 

roquires N, 9 72 per oent 

1 ,(7, methyl-4,coumaromethyl)-6,7 ,methylenedwxy-1,2,3,4-tetrahydro-ieoquinoltne 

1 g of the dihydro-baso, 3 g of zinc dust and 0 05 g of copper 
sulphato wore mixed with 30 o o of water and warmed on the water-bath 

2 5 c o of concentrated sulphuric aoid was added during the course of 
an hour and the mixture was shaken well so that hydrogen was evolved only 
slowly As the reaction progressed the yellow solution became gradually 
oolourloss It was filtered after an hour, cooled, basified with sodium oarbonate 
solution and then exhaustively extracted with ohloroform and the extraot 
dried over anhydrous potassium carbonate Removal of this left the tetr&hydro 
oompound as an oil Yield, 0 3 g 

The hydrochloride was obtained as plates by rubbing this oil with a few 
drops of oonoentrated hydroohlono acid M P 214° (d ) The tetrahydro base 
was precipitated as a solid by basifying tho hydrochloride solution with 
sodium carbonate M P J75° (docomp ) 

0*1386 g of the base gave 5 1 c o of nitrogen at 29° and 769 5 mm 
Pound. N, 4 16 per cent 

C 2 iH 1 # 0 4 N requires N, 4*01 per oent 
0 1936 g of the hydrochloride gave 0*0746 g of AgCl 
Found. Cl = 9 60 per cent 

C 21 H 80 O 4 NCl requires Cl, 9 20 per cent 
The picraie was obtained as a yellow precipitate from the aqueous solution 
of tho hydrochloride by the addition of a saturated solution of picric acid 
It crystallised from aootic acid as rhombic plates M P 207° (d ) 

0 1656 g gave 13*4 o o of nitrogen at 30° and 764*6 mm 
Found* N, 9 66 per cent 

C 27 H 22 O n N 4 requires N, 9 68 per oent 
The acetyl derivative was prepared by treating the tetrahydro base with a 
few drops of acetio anhydride and orystallising the produot from dilute alcohol 
M P 204° (d) 

0*0694 g. gave 2 2 o o of nitrogen at 30° and 767*6 mm 
Found. N, 3*53 per cent 

C u H 21 0 5 N requires N, 3 68 per oent 

Horaoveratrylaraine was prepared by the method of Buck and Perkin 
modified by Ray {JIC 8, 1927, Vol IV, 403) The yields at each stage were 
excellent. 

7,methyl-4-coumann acet-3 4-dimethoxy -^-phenyl-ethyl amide 

1*8 g of the ester and 2*45 g of homoveratrylamine were heated 
under reflux m xylene solution for 3 hours. On cooling, the amide separated 
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out as a crystalline solid It was washed with dilute HC1, and crystallised 
from alcohol Short rods, M P 174° Yield, 2 6 g 
0 0931 g gave 3 o o nitrogen at 31° and 762 6 mm 
Found N, 3 63 per cent 

CajHasOsN requires N, 3 67 per cent 

2, (7,methyl-4,coumaro-methyl)-6,7-dimeihoxy-3,4-dihydro-woquinolme 

The above amide (2 g ) was dissolved m 16 o c toluene and gently refluxed 
on the sand-bath with llcc of phosphoiyl chloride for an hour and a half, the 
solution which had originally a straw yellow colour acquired a doop reddish 
tint On pounng the reaction mixture into ice water, a thick oil separated 
whioh solidified after about an hour, this was collected, washed with water 
and then with the minimum amount of chloroform and crystallised from hot 
water The hydrochloride separated as thin rhombic crystals MP 108° 
Yield, 0 6 g The toluene layer was carefully removed from the filtrate and 
extracted five times with chloroform (10 c c ) and the extract dried over 
anhydrous potassium carbonate Aftor removal of the solvent the isoquinolmo 
remained as an oil which rapidly solidified It crystallised from a mixture of 
toluene and petroleum ether as short stout noedles M P 181° Yield, 0 6 g 
The base is yellow in colour and dissolves readily in the common organic 
solvents The hydrochloride is colourless and its aqueous solution has a mild 
green fluoresoence It affords the rare example of a base melting highor than 
its salt 

0 1238 g of the base gave 4 46 c c nitrogen at 30° and 764 mm 
Found N, 3 98 per cent 

C 2 2 H 2 i 0 4 N requires N, 3-86 per cent 
0 1036 g of the hydrochloride gavo 0 0374 g ot AgCl 
Found Cl, 8 94 per cent 

C 22 H 22 O 4 NCI requires Cl, 8 88 per cent 
The hydrobromide was readily obtained as colourless crystals on mixing 
the base with aqueous hydrobromio acid M P 207° (d ) 

0*1423 g gave 961 g of AgBr \ 

Found Br, 18 24 per cent 

C 2 aH a 8 0 4 NBr requires Br, 18*02 per cent 
The methwdide was formed on heating the free baso with excess of Mel 
in a stoppered bottle at 100° M P 182° (d ). 

0*1201 g gave *066 g. of silver iodide. 

Found: I, 26 22 per oent. 

CmH^O^I requires I, 26*16 per oent 
The picraie separated from glacial aoetio acid as beautiful straw yellow 
prisms. 

0*1904 g gave 16*1 c o nitrogen at 30*3° and 769*8 mm 

4 
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Found N, 9 32 per cent 

QjsHaiOjiN* requires N, 9 46 per cent 

Reduction to the 1,2,3,4-tetrahydro-isoquxnolxne 
CH 2 



2 g of the hydrochloride of the dihydro base was dissolved in the minimum 
amount of water and heatod on the boiling water-bath with a tiny crystal of 
copper sulphate and 6 g of zino dust for 3 hours 6 c c of concentrated 
sulphuric acid was then slowly added during the course of an hour when the 
solution became practioally colourless It was filtered, cooled, basifiod with 
sodium oarbonate solution and extracted repeatedly with chloroform The 
tetrahydro-base was obtained as an oil Yield, 0*6 g The hydrochloride 
separated as crystals on adding a few drops of concentrated hydrochloric acid 
to the ody base M P 98° The salt is found to decompose on keeping 
0 1129 g of the base gave 4-25 o o. of nitrogen at 30° and 704 mm 
Found N, 4 16 per cent 

requires N, 3 83 per cent 

0 2100 g of the hydrochloride gave 0 0723 g. of AgCl 
Found Cl, 8 26 per oent 

C 28 H 2i 0 4 NCl requires Cl, 8 80 per cent 
The pxcrate melted at 166° 

0-2389 g gave 19 30 c o mtrogon at 26*8° and 766 6 mm 
Found N, 9 12 per cent 

C 28 H 2 e0 11 N 4 requires N, 9*42 per cent 

l-(3,coumaryl)-6 • 7-methylene dtoxy-3 4-dxhydro-xsoquxnclxne 

Coumann 3-carboxylic ester, prepared by Knoovenagel’s method [Ber, 
31, 2693) from sahoyl aldehyde (3 g ), malomc ester (4 6 g) and a few drops 
of piperdme, crystallises from alcohol as elongated plates M P 94° Yield, 
3-6 g. 
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l-(3 coumaryl)-3 4, methylene dxoxy-ft-phenyl ethyl amide 



4 36 g of the ester, 3 30 g of homopiperonyl amine and 30 c e of toluene 
were heated to boiling for 3 to 4 hours, and the separating Bolid purified m the 
usual way Snow-white needles (from alcohol) M P 214° Yield, 4 8 g 
0 2116 g gave 7 8 o o of nitrogen at 31° and 747 7 mm 
Found N, 4-07 per cent 

Ci B Hi 6 O s N requires N, 4 10 per cent 

i, {3-coumaryl)-6 7-methylene dvoxy-3 4-dihydro isoquinoline 



2 g. of the amide suspended m 26 c c toluene was refluxed on the sand- 
bath with 12 o o. of phosphorus oxychloride for an hour and a half The 
solution aoquired a dark brown colour and a small amount of yellow crystals 
separated out towards the end of tho reaction The contents were poured into 
ice water, the yellow solid filtered and tho filtrate repeatedly extracted with 
ohloroform On distilling off the dried solvent the isoquinolme was left behind 
as a coloured solid which was crystallised from benzene Fern-shaped crystals 
M P 253° (d) The yellow sohd that had separated was found to be the 
impure hydroohlonde It was dissolved in hot water and basified, when the 
free base was liberated as a colourless sohd Total yield of the base, I 4 g 
0*1676 g, of the base gave 6 9 c o of nitrogen at 30° and 766 3 mm 
Found. N, 4*68 per oent 

Ci9H 13 0 4 N requires N, 4 38 per oent 
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The hydrochloride was prepared by passing dry HOI gas into a dry benzene 
solution of the base M P 221° (d ) 

0*1806 g gave 0 0773 g. of AgCl 
Pound* Cl, 10*08 per oent 

C w H u 0 4 NC1 requires Cl, 10*09 per cent 

The hydrobromide obtained in the usual way melted at 214° (d ) 

0 2226 g gave 0*1037 g of AgBr 
Pound Br, 19 84 per oent 

Ci g Hi 4 0 4 NBr requires Br, 20 00 per cent 
The methtodtde was obtained by heating the components in a sealed tube 
M P 218° (d ) 

0 1201 g gave 0 0620 g of Agl 
Found I, 27 8 per cent 

C2(>H lfl 0 4 NI requires X, 27 6 per cent 
The picrate crystallised from acetic acid as stout yellow prisms M P 
213° (d) 

0 1236 g gave 11 6 c o mtrogen at 32° and 766 2 mm 
Found* N, 10*30 per cent 

C 2 5H 18 0uN 4 requires N, 10*21 per cent 

Reduction to the 1,2,3,4-telrahydro-isoquinoline 2 6 g of the dihydro base 
was dissolved in the minimum amount of dilute sulphuric aoid and refluxed 
on the boiling water-bath with 7 g of zino dust and a small crystal of copper 
sulphate, and a few o o of concentrated sulphuric acid added during the 
course of the reduction (about one hour) The colourless solution was filtered 
hot, cooled and basified with sodium carbonate and extracted with chloroform 
On evaporating the dried solution the base was left behind as an oil Yield, 
0*9 g 

The hydrochloride, prepared by rubbing the above oil with a few drops of 
concentrated HC1, melted indefinitely between 196° and 206°. 

2, (3 coumaryl)-3 4-dimethoxy-^-phenyl ethyl amide 
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3*62 g of homoveratryl amine and 4 36 g of the ester boiled m toluene 
(20 o.o) gave nearly 4 g. of the amide, crystallising from alcohol in 
pnsms M.P 168° 

0 1347 g gave 4 96 c e of nitrogen at 31° and 768 3 mm 
Found N, 4 03 per cent 

C2oH 19 0 6 N requires N, 3 96 per cent 


1, (3, coumaryl)’6 7-dtmtlhoxyS 4-dihydro-v-toqmnohne 

CHg 

ch 8 o/\/\ch 2 



3 g of the amide, suspended m 20 c o toluene and 22 o c of phosphorus 
oxychloride were gently refluxed on the sand-bath for 2 hours The jelly-like 
mass which separated on pouring tho solution into water was found to be the 
hydrochlonde of the base It was collected, washed and redissolved m boiling 
water On allowing the clear filtrate to cool, the whole of it set to a hght 
fluorescent jelly agam The hot aqueous solution of the jelly was basified, 
when the isoquinohne separated as a yellowish white solid which crystallised 
from benzene in short needles M P 194°. Yield, 1 8 g 

0*1263 g gave 4*46 c c. nitrogen at 31° and 761 6 mm. 

Found N, 3 93 per cent 

ChjHi^N requires N, 4 17 per cent 

The hydrochloride was obtained as a canary yellow powder on passing dry 
hydrochloric acid gas into a dry benzene solution of the base M.P 204° (d.). 

01026 g. gave 0*0489 g of AgCl. 

Found: Cl, 9 46 per cent 

CsoHigOiNCl requires Cl, 9 66 per cent 

The hydrobrormde, obtained in a sumlai manner, melted at 212° (d.) 

0*1687 g. gave 0*460 g. of AgBr. 

Found: Br, 1912 per oent 

CsoHjgOgNBr requires Br, 19 23 per cent. 
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The jncrate was obtained as a yellow precipitate by mixing alcoholic 
solutions of tho free base and picric acid It crystallised from glacial acetic 
aoid as golden yellow needlos M P 238° (d ) 

0 1433 g gave 13 2 c c of nitrogen at 31° and 760 mm 
Found N, 10 20 per cent 

C^HjqOjjN* requires N, 9 93 per cent 
The meth\od\de melted at 204° (d ) 


1, (3-coumaryl)-6 7 dvnethoxy-l 2 3 4-tetrahydro-tsoqmnoltne 


CH 2 



1 g of the dihydro base, 3 g of zinc dust and 20 c c of water were heated 
on the boiling water-bath and 3 c c of concentrated sulphuric acid was added 
during the course of about 3 hours Tho solution, which becamo colourless 
when reduction was complete, was filtered, cooled and basified with sodium 
carbonate solution The whole was repeatedly exhausted with chloroform, and 
on removal of the dried solvent the tetrahydro compound was left as an oil 
This was rubbed with a few drops of concentrated hydrochloric acid when the 
hydrochloride separated as a crystalline powder MP 248° Yield, 0 6 g 
On basifying the aqueous solution of the hydrochloride the free base was 
obtained as shining plates M.P 187° 

0 1764 g of the base gave 6-77 o c nitrogen at 30° and 762 4 mm 
Found N, 4 30 per oent 

CjjoH 19 0 4 N requires N, 4*16 per cent 

0 1026 g of the hydrochloride gave 0 0380 g of AgCl 
Found Cl, 9 17 per cent 

C 20 H 20 O 4 NCI requires Cl, 9 60 per cent. 

The jncrate obtained in the usual way melted at 228° (d ) 

0*2164 g gave 19 6 c c. of nitrogen at 29 6 ° and 761 26 mm. 

Found N, 9 96 per-cent 

C M H 2 t O n N 4 requires N, 9*89 per oent 
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Synthesis of 1, (3,coumaro-methyl)-6 7-methylene dtoxy-3 4-dihydro-tsoqumo- 
line 

(a) Preparation of coumann-3, acetic acid Salicylaldehyde (6 g ), sodium 
succinate dned at 130° for sovoral hours (11 g) and freshly prepared succinic 
anhydride (14 g ) were heated in a flask fitted with an air-condonser at 170°-180° 
for 4 hours The yellow crystalline mass was transferred on cooling to a 
mortar with the aid of small amounts of hot water and triturated well with a 
cold solution of sodium bicarbonate (30 g m 60 1 c water) The major portion 
of the solid dissolved with effervescence and after standing for an hour, the 
solution was filtered from tho insolublo rosiduo of 3,3'-dicoumaryl (MP 
250°-260°) 

The clear filtrate was acidified with dilute HC1 and allowed to stand 
overnight when clusters of beautiful pale yellow plates (2 4 g) were found to 
have separated MP 164 0 -166 o A single crystallisation from boiling absolute 
alcohol with the addition of animal charcoal gave Binning colourless platos, 
MP 168° Yield, 18g 

The ethyl ester was prepared by suspending tho acid m absolute alcohol 
and saturating with dry hydrochloric acid gas until a clear solution was 
obtained, and then leaving for 12 hours Colourless nccdlos, M P 88 ° 


(6) Preparation of (coumann 3-acet)-3 4 methylene dioxy-p-phenyl ethyl 
amide 


CH 2 



4 72 g. of ethyl ester of the acid and 4 g of the amine were heated for a 
period of 3 hours m the oil-bath at 160°-170°, moisture being excluded The 
oold mass was washed with diluto alcohol and acid and finally crystallised from 
alcohol. Colourles needles, M P 202 ° Yield, 3 g (1 3 g of homopiperonyj 
amine was recovered) 

0*1028 g gave 3*4 c c. of nitrogen at 28° and 766 mm 
Found N, 3*70 per cent 

CgoH^OjN requires N, 3 98 per cent. 
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1, (3 coumaro methyl)-6 7-methylene dioxy-3 4-dthydro-ieoqmnoltne 


CH S 



A mixture of 3 g of the armdo, 15 c c of toluene and 16 o c of phos¬ 
phorus oxychloride was refluxed on the sand-bath for an hour and a half On 
pounng into ice water, the major portion of the reaction product separated as 
a dark oil The whole was extracted with chloroform, the extract dried over 
anhydrous potassium carbonate, and the chloroform removed on the water- 
bath The oily residue was treated with warm dilute HC1, filtered and basified 
with sodium carbonate The process was repeated twice when a clean solid 
was obtained This crystallised from a mixture of benzene and petroleum ether 
as thin plates M P 176° (d ) 

0 1386 g gave 6 10 c c nitrogen at 29° and 759 5 mm 

Found N, 4 16 per cent 

C2oH 1B 0 4 N requires N, 4 20 per cent 

The hydrochloride On adding a few drops of concentrated HC1 to a 
suspension of the base in water, it at first turned oily but on keeping overnight 
in contact with acid, tho hydrochlorido separated as colourless, stout needles 
MP 224° 

01552 g gave 0-0604 g AgCl 

Found Cl, 9-61 per cent 

C w H 10 O 4 NC1 requires Cl, 9 63 per cent 

The methwduie was prepared by heating the base and methyl iodide in a 
sealed tube M P 225° (d) 

The pxcrate crystallised from glacial acetic acid as clusters of short needles 
M P 213° 

0 1904 g. gave 16 1 o.o of nitrogen at 30 3° and 759*8 mm 

Found N, 9*62 per cent. 

Ca«H 18 O u N’ 4 requires N, 9*96 per oent. 
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1, ( 3,courmro-iw>thyl)-6 7,methylene dioxy-l 2 3 4,tetrahydro-\8oqmnoltne 



The dihydro base (2 g ), zmo dust (6 g ) and a crystal of coppor sulphate 
were heated with 40 c c water on the boiling water-bath and 6 c c con¬ 
centrated sulphuric acid added during the course of three hours The un¬ 
reacted zinc was removed and the filtrate cooled, basified with sodium carbonate 
solution, and completely extracted with chloroform On removal of the dried 
solvent the tetrahydro compound remained as an oil Yield, 0 9 g 

The hydrochloride separated as thin plates on the addition of a few drops 
of concentrated HCl to the oil M P 245° (d ) The free base was obtained as 
a solid on baBifying the aqueous solution of the hydrochloride M P 110° 

0 1530 g of the hydrotlilorido gave 0 0582 g of AgCl 
Found Cl, 9 38 per cert 

CjmHj^NCI requires Cl, 9 56 per cont 

The picrate obtained in the usual way crystallised from dilute acetic acid 
as plates MP 187° (d ) 

0 1693 g gave 14 0 c c of nitrogen at 30° and 748 mm 
Found N, 10 18 per oent 

requires N, 9 93 per cent 
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Condensation of homo-veratryl amine and coumann-3,acetic ester Coumartn- 
2,acet-3 4 dnnethoxy-fi-phenyl ethyl amide 



CH 2 
C CO 



1 81 g of the homoveratryl amino and 2 36 g of coumann 3 ethyl aoetate 
were heated together in an oil-bath at 160°-170° for a period of 4 hours, moisture 
being excluded On cooling, the homogeneous semi-solid mass was dissolved 
in the minimum amount of hot alcohol and filtered The amide separated 
from the cold solution as clusters of needles which were recrystalhsed from 
alcohol MP. 212° Yield, 2 g (0 6 g of the amine hydrochloride was 
recovered) 

0 1478 g gave 6 6 e o of nitrogen at 31 6° and 762 mm 
Found N, 4 06 per cent 

C al H 21 0 6 N requires N, 3 82 per cent 

l-(3, coumaro-methyl)-6, 7-dimethoxy-3 , 4-dihydro-isoqutnohne 



The amide (3 g ), phosphoryl chloride (22 c c ) and toluene (20 c o) were 
refluxed for 2 hours on the sand-bath and then poured into excess of ice-water 
The hydrochloride of the base separated out It was washed and crystallised 
from hot water Short colourless prisms which do not melt even at 360°. 
The filtrate was exhaustively extracted with chloroform The extract dried and 
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distilled The base was left behind as a reddish solid It crystallised from 
benzene and petroleum other as orango yellow rhombic plates M P 222° (d ) 
On rubbing this with a few drops of hydrochloric acid, the colourless hydro¬ 
chloride melting above 360° was obtained 

0 1990 gm of the base gave 7 c c of mtrogon at 30° and 760 3 mm 
Found N, 3 91 per cent 

C 2 iHi 9 0 4 N requires N, 4 01 per cent 

0 2312 g of the hydrochloride gave 0 0894 g of AgCl 
Found Cl, 9 21 per cont 

C 21 H 20 O 4 NCI requires Cl, 9 60 per cent 

The hydrobromide molted at 240° (d) 

0 116 g gave 0 0486 g of AgBr 
Found Br, 18 62 per cent 

CgiHgoC^NBr roquiros Br, 18 60 per cent 

The pxcrate melted at 222° (d ) 

0 2334 g gave 20 1 c c of nitrogen at 30° and 748 mm 
Found N, 9 66 per cent 

C 27 H 22 0 21 N 4 requires N, 9 69 per cent 

1, ( 3,coumaro-methyl)'6 7-dimethoxy-1 2 3 4-tetrahydro-isoqumohve 



The dihydro-isoqumohne (1 g ), zinc dust (3 g) and a small crystal of copper 
sulphate were heated with water (30 c c) on the boiling water-bath and 2 6 
c 0 . of concentrated sulphuric acid were added during the course of 2 to 3 hours 
The colourless solution was filtered from excess of zinc and the filtrate cooled 
and basified with sodium carbonate solution Extraction with chloroform, 
drying the extract and evaporating the solvent gave the tetrahydro compound 
as an oil It was converted into the solid hydrochloride by rubbing with 
strong HC1 This crystallised from hot water as colourless plates MP. 
236° (d ) t 
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0 0778 g of the hydrochloride gave 0 0280 g of AgCl 
Found Cl, 8 91 per cent 

C 21 H 22 0 4 NC1 requires Cl, 916 per cent 

Summary 

ljCoumaryl-isoqumohnos have been synthesised from homopiperonyland 
homoveratryl amines and coumarin-4, and 3,acetic esters and coumann 3- 
carboxylic esters, by the Bischler-Napieralsky method 

These dihydro-isoquinolines are feeble basos of a yellow colour, the salts 
being colourless The tetrahydro-isoqumolines are stronger bases and are 
colourless 

Presidency College, 

Madras, 

27th November, 1939 



STUDIES IN THE ISOQUINOLINE SERIES 
Past VI 2' and 4',QuiNOLYL-MsoQuiNOLrNBs 
By Miss B S Alamela and B B Dey 
(Read January 2,1940 ) 

A survey of recent literature on the subject of isoqumolmes brings into 
prominence two interesting linos of development in this field In tho first 
place, the syntheses of these bases have been carried out under physiological 
conditions, l e conditions approximating to those existing in nature (cl Spath 
and Kreuts, Monarch, 1928, 50, 341, Spath and Berger, Ber , 1930, 63, 2098, 
Schbpf and Bayerle, Ann , 1934, 513, 190, Hahn and Schalos, Ber , 1935, 68, 
24, etc ), the results contributing to a clearer understanding of tho phytochonncal 
mechanism of tho formation of alkaloids contaniing this ring system in plants, 
and secondly, new types of isoqumolmes have been synthesized with a view to 
press them into service in the treatment of amoebic dysentery, malaria and 
other diseases The realization particularly of the magnitude and complexity 
of the malaria problem has led m recent years to tho inauguration of a Benes of 
important investigations having for their object the syntheses of chemical 
specifics, mostly derivatives of quinolines and acridines but a fow belonging 
to the isoquinohne group aB well, and a study of their antimalanal, amoobicidal 
and other possible therapeutic properties [Barger and Robinson, Joum 
Chem Soc London, 1929, 2947, 2952, 2959, 2965, Kermatk and co-workers, 
♦ bid, 1930, 1356, 1931, 3089, 3096, 1935, 1143, 1421, Ray and co workers, 
ibid , 1931 , 976, J Indian Chem Soc , 1932, 9, 215, 1933, W, 197, J Amer 
Chem Soc, 1932, 54, 3988, J pr Chem, 1933, u, 136, 117, Robinson and 
co-workers, Joum Chem Soc London, 1933, 1467, ibid , 1934, 1264, 1267, 
1322, 1520, 1624, Magidson and co-workers, J Oen Chem Rues, 1934, 4, 
1047, Arch Pharm , 1936, 273, 320, Kntschovski and Meerson, J Immumtai, 
1933, 79, 180, 438, Mietzsch and Mauss, Angew Chem , 1934, 47, 633, Fieldman 
and Kopehovitzsch, Arch Pharm, 1935, 273, 488, Goodall and Kermack, 
Joum. Chem Soc London, 1936, 1646, Berkonheim, J Oen Chem Russ, 
1936, 6, 1039, 1043, Basu and Das-Gupta, J Indian Chem Soc, 1937, 14, 
468, Child and Pyman, Joum Chem Soc London, 1931, 36 ] 

While the cinchona alkaloids still retain their undoubted pre-eminence m 
this field, recent work has brought to hght many important facts concerning 
their true values and also their limitations, and synthetic drugs like Plasmoquin 
and Atebnn appear to have proved their superiority to the natural alkaloids 
m the treatment of certain special types of malaria Attention has thus been 
drawn to the possibilities of employing different types of 1, substituted iso- 
quinolines m the treatment of various kinds of malarial infections and with 
thia end in view, heterocyclic acids like picolmio and nicotinic acids have been 
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condensed with j8-phonyl ethyl amines for the synthesis of isoquinohnes with a 
pyridine rmg in 1, position (Clemo, Mcllwam and McG Morgan, J CS, 
1936, 010, Sugasawa and Kunyagawa, Ber , 1936, 69 [B], 2008 ) 

In pursuance of the systematic studies in the isoquinohne Benes which 
have been undertaken m this laboratory, attempts have now been made with 
succoss to link two new heterocyclic ring systems, viz (o) quinoline, and ( b) 
benzo-a-pyrone, to carbon atom 1 m the isoquinohne nng The qumolyl- 
isoqumohnes form the subject matter of the present investigation The 
coumaryl isoqumolmos have been described in Part V of this senes 

The condensation of quinaldimc and of 2,methyl- and 2,phenyl-cmchonimo 
acids with homopiporonylamme resulted m the formation m good yields of the 
respective amides which underwont smooth cychzation to the corresponding 
3,4,diliydro-isoquinolinos as explained m the following scheme — 


CHo CHo 



The qumolyl-isoqumolines are well-defined bases which are colourless 
but which form deep yellow salts with minoral acids While the 2,q wno lyl- 
lBoqumohnes function as monacid bases yieldmg stable monohydrochlondes, 
the 4,qumolyl derivatives are found to be diaoidic and form, m accordance 
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with expectation, stable dihydroohlondes The preparation of analogous 
lBoquinolines with other heterocyclic substituents and of then reduction 
products is in progress 

Experimental 

Quinaldimo acid was prepared both by the method of Besthorn and lbole 
(Ber., 1906, 39, 2329) from quinaldme and formahn and by the mothod of 
Beissert (Ber , 1906, 38, 1603) from quinoline, benzoyl chlondo, and potassium 
oyamdo The former method was proforred on account of the simplicity of 
the process and the better yield of the product 

The methyl ester was prepared according to tho direction given by 
Hammick (Joiim Chem Soc , 1923, p 2883) 6 4 g of methyl quinaldmate 

crystallizing from ligroin m long noodles, M P 86°, were obtained from 6 g 
of the acid 

Homopiperonylaminc was prepared m tho usual way by tho mothod of 
Buck and Perkin (J Chem Soc , 1924, 125, 1693) 10 g of tho pure ammo, 

B P 162°/22 mm were obtained starting from 20 g of piperonal Attempts 
were made to prepare the amine by the electrolytic reduction process from 
piperonyhdene mtromethane but none of them wore very successful, only 
poor yiolds of the amine being obtained at the end 

a, qu%nohnoyl-f3-3,4;methylene dioxy-phenyl eihylamtde 



This was prepared by the following three methods — 

(а) Powdered q uinaldim o acid (1 73 g ) was heated with homopiperonyl- 

amme (1 66 g ) at 160°-170° on an oil-bath for five hours Tho 
oily reaction product was triturated with alcohol when it solidified 
and the solid residue was finally crystallized twice from alcohol 
(nont-charooal) Yield, 0-6 g of amide MP, 110° 

(б) Q uinaldim o acid (1 g) was covered with dry chloroform (60 c o), 

thionyl chloride (1 g) added, and the mixture refluxed on the 
steam bath for three hours After removing the chloroform 
and exoess of thionyl chloride under leduced pressure, dry benzene 
(10 c.o) and homopiperonylamme (0 92 g) were successively 
added, the mixture heated on a steam bath for an hour and the 
product treated with crushed ice, basified with ammonia, 
extracted thnee with benzene and tho benzene extract dried 
over potassium carbonate On distilling off the benzene, a 
reddish oil was left behind which solidified on rubbing with 
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aloohol. Crystallization from alcohol gave thin plates MP 
110°. Yield, 0*7 g The alcohoho mother hquor, on dilution 
with water, gave a further 0 5 g of the slightly impure amide 
(e) Methyl quinaldinate (1 85 g) and homopiperonylamine (1 05 g) 
were heated on the steam-bath for three hours Crystallization 
of the reaction product from aloohol (nont) gave colourless 
glistening plates M P 110° Yield, 2 6-2 7 gms 
The third method proved to be the most satisfactory and was employed 
for preparing larger quantities of the amide 

23 04 mg of the substance gave 60 75 mg of C<0 2 and 10 86 mg of H 2 0, 
20 08 mg gave 2 065 c c of nitrogen at 33° and 703 mm 
Found C, 71 91, H, 5 24, N, 8 83 per cent 

Ci„H 1 (J 0,N 2 requires C, 71 22, H, 5 037, N, 8 76 per cent 
The hydrochloride of the a.quinolinoyl, f}- phenyl ethylamide was prepared 
by passing dry HC1 gas into a suspension of the amide (0-5 g ) m dry bonzene 
(20 oc ) It crystallized from absolute alcohol in dark yellow prisms MP 
167° 

60 19 mg required 8 2 o c of 1 043 N/50 NaOH 
Found Cl, 10 08 per cent 

Ci B H 18 0 8 N 2 HC1 requires Cl, 9 94 per cent 
The hydrochloride is very easily hydrolyzed oven in tho presence of 
moisture 

The picraie, obtained by mixing aloohohe solutions of the amide and picnc 
acid, crystalhzod in fibrous needles M P 115° 

The picrate was dried m vacuum at room temperature 42 44 mg gave 
4 762 c c of nitrogen at 33° and 765 mm 
Found N, 12 58 per cent 

Ci 8 H 10 O 8 N 2 C 8 H 8 0 7 N 8 requires N, 12 72 por cent 
Attempts to prepare the methiodtde by tho usual method were not 
successful, the unchanged amide being recovered at the end 

1-2'■a,quinolyl-6,7,methylene dtoxy-3,4,dihydro-ieoquinoline 


CH a 
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The above amide (2 g ), phosphorus oxychloride (6 c c ) and dry toluene 
(12 c c ) were heated on an oil-bath at 120°-130° for three hours A thick 
oil separated out which solidified to a hard gummy mass on cooling Petroleum 
ether was added to the mixture until thero was no further turbidity, the dear 
liquid poured off and tho residuo washed with petroleum other and finally 
treated with water (160 c o ) containing 1 o c strong HC1 The acid aqueous 
extract was shaken once with ether to remove any toluono, strongly cooled and 
basifiod with strong ammonia After standing for throe hours, the dirty white 
solid was collected and crystallized from alcohol (nont) The lsoqumolino 
separated m bundles of colourless rectangular plates MP 118° Yield, 
1 4 g 

It dissolves in cold dilute acids with a deep yellow colour which changes 
to deep rod on addition of more acid Tho acid solution, on dilution, showed 
a pale blue fluorescence 

18 01 mg gave 49 46 mg C0 2 and 7 97 mg H 2 0, and 18 22 mg of the 
base gave 1 472 c c ol nitrogen at 33° and 760 mm 
Found C, 74 89, H, 4 92, N, 9 02 per cent 

Ci 0 H u O 2 N 2 requires Cl, 76 44, H, 4 67, N, 9 27 per cent 
29 9 mg of the base (dned in vacuum), dissolved in 406 mg of camphor, 
depressed tho meltmg point by 10° 

Found MW, 296 3 

Ci 0 H u O 2 N 2 requires M W , 302 

The plcUtntcMortde was prepared in tho usual way Orange yellow 
crystals MP 210°. 

0 10416 mg (dned at 110°/5 mm ) gave 01999 g Pt 
Found Pt, 19 20 per cent 

[C 10 H u O 2 N a ] 2 H 2 PtCl fl requires Pt, 19 23 per cent 
Tho hydrochloride was prepared by passing dry HC1 gas into a solution 
of the base (0 6 g ) in benzene (8 c c ), rubbing the deep rod sti< ky solid with 
a little absolute alcohol and then crystallizing from the same solvent Clustors 
of yellow needles M P. 241° 

0 17007 g requires 18 1 c o of 0 666 N/20 caustic soda 
Found Cl, 10 47 per cent. 

C 18 H u 0 2 N 2 HC1 requires Cl, 10 49 per cent 
The base appears therefore to be mono-acidic 

The ptcrate was prepared by mixing alcoholic solutions, crystallized m 
prisms M.P. 210° 

7 66 mg of the pi crate gave 0 84 c c of N 2 at 764 76 mm. and 27°C. 
Found. N, 12 63 per oent 

CioHuOeN* C 8 H 8 0 7 N 8 requires N, 13-18 per cent. 

The methtodide was prepared by heating the components in a closed 
bottle at 100° for four hours, washing the sticky product with alcohol and finally 
crystallizing it from aloohol or water Long rect an gu l a r plates M P.246 0 

5 
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0 09226 g gave 0 04441 g Agl 
Found I, 26 0 per cent 

Ci B H 14 O e Nj CH 8 I requires I, 28 6 per cent 
The reduction of the dihydro base with zinc and sulphuric acid or with 
tin and hydrochloric acid could not bo effeotod satisfactorily Catalytic 
reduction with palladized—nont was ultimately iound to be the most successful 
method 

A solution of 0 6 g of the base in 10 c c of glacial aoetio acid containing 
0 2 g of the catalyst m suspension was shaken in an atmosphere of hydrogen 
until there was no more absorption of gas The catalyst was filtorod and the 
colourless solution diluted and basified with ammonia The white precipitate 
was filtered and crystallized from alcohol It melted at 160° Yield, 0 4 g 
The tetrahydro base was dried in vacuum at 30° 18 12 mg gave 49 66 mg 

of CO g and 8*98 mg. of water. 

Found. C, 74 73, H, 6 61 per cent 

C 18 H lfl 0 2 N 2 requires C, 74 98, H, 6 30 per cent 
The platintcMonde, prepared in the usual way, melted to a clear red liquid 
at 204° 

0 1167 g of the doublo salt gave 0 0221 g of Ft 
Found Ft, 18 93 per cent 

[C 19 H 10 O 2 N 2 ] 2 H 2 PtCI 8 requires Pt, 19 16 per cent 
The hydrochlonde, which was hygroscopic, melted at 142° 

01231 g of the hydrochlonde dned in vacuum required 13 56 c c of 
1 292 N/60 Bodium hydroxide solution 
Found Cl, 10 08 per cent 

Ci#H la O g N 2 HC1 requires Cl, 10-41 por cent 
The ptcrate, crystallized from dilute alcohol, molted to a thick hquid at 
96°-98° 

22*64 mg gave 2 618 e c. of nitrogen at 33° and 768 mm 
Found N, 12 87 per cent 

C 19 H lfl 0 2 N t C e H 8 0 7 N a requires N, 13 13 per cent 
The reduced base is therefore mono-acidic 

Syntheses of 4',qu\nolyt-l-isoquinol%nes 


a,Meihyl~ctnchon%mc aetd, 


This was prepared bj^the method of Pfitzinger («/. Prakt Chem , 1897, 66, 
284) by refluxing isatin with acetone and alkali for several hours. Nearly 


COOH 


A 
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16 g of the cinohonuuc acid crystallizing from boil ing water in needles, M P. 
241°, were obtained from 16 g of isatm. 

The methyl ester of 2,methyl-omchonmic acid crystallized from li gmi^ m 
colourless needles MP 60°-61° 

<x.,methyl-y,quinolinoyL{}-3 4-methylene dtoxy-phenyl eihylamtde 



A nuxture of the methyl ester of cinchommc acid (2 g } and homopiporonyl- 
anune (1 6 g ) was heated at 100° for five hours The reaction product was a 
gum which solidified on rubbing with alcohol Crystallization from 60 per 
cent alcohol gave the anude as colourless thm plates M P 163° (after drying). 
Yield, 1 8-1 9 g The amide is a strong base dissolving readily m cold dilute 
acids (Tho hydrochlorxde was prepared by saturating a benzeno solution of 
tho amide with HC1 gas It crystallized from absolute aloohol as palo yellow 
scales M P 194° ) 

22 30 mg of the amide gave 68 69 mg of C0 2 and 11 30 mg of HjO. 
16 61 mg gave 1 148 o o of nitrogen at 33° and 762 mm 
Found C, 71 78, H, 6-63, N, 8 10 per cent 

CeoHjaOgNg requires C, 71 83, H, 5 43, N, 8 38 per cent 
0 20497 g of the hydrochloride required 22 66 c c of 1 291N/60 caustic 

soda 

Found Cl, 10 07 per oent 

CjoHisOjN* HC1 requires Cl, 9*67 per cent 

Tho ptcrate crystallized from dilute alcohol as small plates M P 190°. 
16 69 mg gave 1*84 c o. of nitrogen at 31° and 761 mm 
Found N, 12 28 per oent 

CaoHwOsN,. CeH s 0 7 N 8 requires N, 12 43 per oent. 

The methtodide was prepared by heating the components m a closed bottle 
for five hours on a steam bath It crystallized from aloohol m clusters of yellow 
plates M.P. 197° 

0*18216 g gave 0*08433 g Agl 
Found: I, 26*02 per oent 

CuHgiOjN,! requires I, 26*66 per oent. 
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a.,methyUquinolyl-y,6 7,methylened%oxy-3,4,dihydro-%soqutnoltne 
CH 2 
£H 2 

CH 2 i 



CH, 



The y-quinolinoyl-phenyl ethylamide (1 g), phosphorus oxychloride 
(3 5 o o ) and dry toluene (10 o c ) were refluxed for three hours on an oil-bath 
at 120°-130° On cooling, 20 oo potroleum ether was added and after 
standing for an hour the clear supernatant liquid was docantod off and the 
gummy residue ground with 60 c c water containing 1 c c HC1 After shaking 
the deep red aqueous acid extract with ether to remove any non-bamo impuntios 
and traces of toluene the solution was cooled in ico and basified with ammonia 
Tho granular solid was collected and crystallized from 60 per cont alcohol (nont) 
The base separated m glistening, colourless, rectangular plates MP 114° 
Yield, 0 8 gm 

The isoquinohne is a strong base dissolving instantly m cold dilute acids 
and giving crystalline precipitates with Meyer’s reagent and with potassium 
dichromate solution 

17 38 mg gave 48 10 mg of C0 2 and 8 29 mg of H 2 0 22 32 mg gave 

1 768 c c of N 2 at 34° and 761 mm 

Found C, 76 48, H, 6 30, N, 8 73 per cont. 

C»H 18 0 2 N 2 requires G, 76 91, H, 6 10, N, 8 86 per cent 
The pkihntchlonde, prepared in tho usual way, decomposes gradually 
without melting, above 260° 

0 06969 g dned at 110°, gave 0 01836 g platinum 
Found Pt, 26 37 per cent 

CaoHi # 0 2 N 2 HjjPtClfl requires Pt, 26 8 per oent 
It behaves therefore os a diamdio base 

The hydrochloride, prepared from a benzene solution of the base and dry 
HC1 gas, separated from aloohol as orange yellow crystals MP 234° 
(decomp) 

0*10140 g required 21 c c. of 1*291 N/50 catustio Boda 
Found Cl, 18 95 per oent 

CjoHigOjNjClj requires Cl, 18*23 per oent. 

The methxoduie, prepared m the usual way, crystallized from absolute 
aloohol as rectangular prisms M P 264° (decomp ). 
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15 83 mg gave 31 85 mg of C0 2 and 6 98 mg of water 
11307 g of substance dried at 100°, gave 05248 g Agl 
Found C, 64 87, H, 4 20,1, 25 08 per cent 

C 20 H 1B O 2 N 8 CH a I requires C, 55 01, H, 4 18, T, 27 7 per cent 
The base therefore forms a mono-methiodide 

The jncrate crystallized from a small quantity of alcohol melting at 221° 
(decomp) 

24 26 mg gave 3 083 c c of N 2 at 33 5° and 762 mm 
Found N, 14*20 per cent 

C2 oHi«0 2 N 2 2C 8 H s 0 7 N 8 requires N, 14 46 per cent 

Reduction with zinc and sulphuric acid 

The dihydro base (1 g ) and zinc spangles (3 g ) m water (30 c c ) containing 
copper sulphate (0 05 g ) was warmed on the water-bath (60°- 60°) with the 
gradual addition of concentrated sulphuric acid m tho course of two hours The 
orange yellow solution became colourless m about 20 minutes The excess 
of zinc was filtered off and the filtrate with the washings was coolod and basified 
with ammonia The white precipitate was filtered, dried and extracted with 
hot benzene The pale yellow oil (0 8 g ), after removing tfib solvent, solidified 
on rubbing with a few drops of alcohol Crystallized from dilute alcohol, the 
tetrahydro base separated in colourless rhombic plates melting at 81° 

17 40 mg gave 48 06 mg of C0 2 and 9 02 mg of water 
Found C, 75 32, H, 5 76 per cent 

C2 oH 18 0 2 N 2 requires C, 75 56, H, 6 70 per cent 
The hydrochloride, crystallized from absolute alcohol, melted at 275° 

0 1054 g required 23 8 c c of 1 108 N/50 sodium hydroxide solution 
Found. Cl, 17 72 per cent 

C m H 18 0 2 N 2 2HC1 required Cl, 18 18 per cent 
The ptcrale separated from alcohol, melting at 202° 12 71 mg gave 1 62 

co of N 2 measured at 33° and 759 mm 
Found. N, 14 21 per cent 

CjoHjgOjiN* 2C 8 H 8 0 7 N 8 requires N, 14 42 per oent 
The benzoyl derivative crystallized from acetone-alcohol mixture and 
melted at 226° 

20*27 mg. gave 1*146 o.c. of N 8 at 33° and 764 mm 
Found N, 6*38 per oent 

C 27 H 28 0 8 N 2 requires N, 6 63 per oent 

<x.,phenyl-cinchoninxc acid, 


COOH 



204 b. s at.amtta &bb. dby : studies nr the isoquhtolutb sbetbs. 


This was prepared by the method of Pfitzinger ( loc cit , p 202) 6*2 g 

of pale brown needles, M.P 208°-209°, were obtained from 5 g of isatm 

The methyl ester was prepared by refluxing with methyl alcohol and 
sulphuno aoid for three hours, basifying the diluted produot with sodium 
carbonate and extracting with ether. It crystallized from ligrorn in colourless 
needles M P 61° Yield, 4*7 g. from 6 g of the acid Claus and Brandt 
(A., 1894, 252, 106) previously obtained this ester by the prooess of heating the 
silver salt with methyl iodide in a sealed tube at 100° 

a,phenyLy,quinolinoyip-3 4,methylene d%oxy-phenyl ethylamxde 


CH 2 



The methyl ester (4-8 g) and homopiperonyl amme (3*0 g.) were heated 
for ten hours on the Bteam-bath The amide began to separate out after five 
hours. On oooling, the hard brown mass was powdered and washed with small 
amounts of ether The white residue was dried and crystallized from excess 
of boiling alcohol in which it was sparingly soluble Colourless reotangular 
plates M.P 186° 

17 76 mg. gave 49*13 mg CO, and 8 61 mg H,0 18*56 mg gave 1167 o.o. 
of nitrogen measured at 763*9 mm and 33° 

Found C, 75 44, H, 6*32, N, 7 05 per oent. 

CuHsoOgN, requires C, 75 71, H, 5*09; N, 7*07 per oent 

The amide behaved as a very feeble base and was quite insoluble in acids. 
Attempts to prepare the hydrochloride, pi orate and methiodide were unsuccess¬ 
ful, only unchanged materials being recovered. This is obviously to be 
explained by the acidic influence of the phenyl group in 2, position in the 
quinoline nng. 
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a.,phenyl-qutnolyl-y,l-6 7-methylene dioxy-3 ,4 ,dihydro-t 9 oqutnohne 


CH 2 



The amide (1 86 g.) was refluxed with pliosphoruR oxychlondo (10 o c ) 
in boiling toluene (16 c e ) for three hours at 130°-140° Tho reaction mixture 
was cooled, diluted with petroleum ether and allowed to stand for one hour 
and the clear supernatant liquid decanted off The red gummy residue was 
taken up m water (40 -50 c o ) containing a few drops of hydrochlono acid 
and the deep red aquoous solution extracted with ether to remove traces of 
toluene and any non-baaic matter The ether-free solution was cooled 
strongly and basified with liquor ammonia Tho dihydro-isoquinoline which 
separated as a white powder was collected and crystallized from dilute alcohol 
It separated slowly m short rectangular plates, molting at 167° Yield, 1 5 g 
It dissolves like the other two bases of this group readily m cold dilute 
acids with a characteristic yellow colour which changes to deep red with 
excess of acid The base exhibits a feeble greenish fluorescence in dilute acid 
solutions. 

23 53 mg of the base gave 68 36 mg of C0 8 and 10 48 mg of H 2 0 21 74 
mg gave 1 472 c c of N 2 at 34° and 761 mm 
Found C, 79 21, H, 4-95, N, 7-63 per cent 

C 86 H 18 0 2 N 2 requires C, 79 34, H, 4 80, N, 7 41 per cent 
The platvnicMorxde was obtained as a canary yollow precipitate which did 
not melt but decomposed above 290° 

0-24933 g gave, on ignition, 0 06057 g of Pt 
Found Pt, 24 30 per oent. 

C 26 Hi 8 0 2 N 2 H 8 PtCl B requires Pt, 24 77 per oent 
The hydrocMonde separated from absolute alcohol m golden yellow flakes, 
M P 206° It is extremely hygroscopio. 

0 3307 g. of the salt required 64-10 o c. of 1 108 N/50 sodium hydroxide 
solution. 

Found Gl, 15 23 per oent. 

C 26 Hi 8 0 2 N 2 2HG requires Cl, 15 71 per cent 
The base is diacidio in its platinum salt and its hydrochloride. 

The prorate crystallized from acetone-alcohol mixture in hard prisms, 
melting at 211° (decomp.). 
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23*73 mg gave 2332 op of N 2 at 32° and 769 mm 
Found N, 10 99 per cent 

C 26 H 18 0 2 N 2 C fl H 3 0 7 N 3 requires N, 11 63 per cent 
The methxodide separated from absolute alcohol in yellow needles 
M P 286° (decomp.) 

16 17 mg of tho methiodule gave 36 32 mg of C0 2 and 6 14 mg of H 2 0 

0 0923 g. gavo 04066 g of Agl 

Found C, 69 58, H, 4 22,1, 23 8 per cent 

C 26 H 18 0 2 N 2 CH s I requires C, 69 99, H, 4 07,1, 24 4 per cent 
The base is monoacidic in its pi crate and meth iodide 

Reduction with zinc and sulphuric acid 

The dihydro base (1 g ) and zinc spangles (3 g) were suspended in water 
(30 c c ) containing copper sulphate (0 06 g ) Tho mixtuio was kept warm at 
60°-60° and concentrated sulphuric acid (2 6 c c) gradually added in the 
course of two hours The deep orango yellow solution became ulmost colourless 
m 20 minutes It was allowed to romain at 60° for a further hall hour and 
filtered hot from the excess of zmc The filtrate together with the washings 
was cooled, basified with liquor ammonia and the precipitate collected and dried 
in vacuum The dry residue containing inorganic material was extracted with 
ethor or hot benzene A pale yellow oil which solidified to a crisp solid was 
obtained Crystallized from ether, the tetrahydro base separated in brittle 
flakes melting at 92°-94°, with softening at 82°. 

16 06 mg gave 46 26 mg of C0 2 and 7 81 mg of water 
Found. C, 78 69, H, 6 41 per cent 

CifiHwjOjjNjj requires C, 78*93, H, 6 30 per cent 
The hydrochloride, which is hygroscopic, sintered at 200° and melted 
completely to a clear liquid at 226° 

01033 g requires 17 6 o o of 0 6348 N/25 sodium hydroxide solution. 
Found: Cl, 16*34 per oent 

C 26 H 20 O 2 N 8 2HC1 requires Cl, 16 64 per oent 
The pier ate, prepared m the usual way, crystallized from dilute aoetone 
in irregular plates, melting at 200°. 

21*79 mg of the piorate gave 2*193 c o of N* at 34° and 769 mm 
Found N, 1119 per oent 

CmHsoC^Njs C 8 H s 0 7 N 8 requires N, 11*49 per cent 

Summary 

A new series of isoquinohnes with a quinoline ring attached to C-atom 1 
in the lsoqumolme ring have been synthesized They are colourless, crystalline 
bases which form deep yellow salts with mineral aoids, picnc acid, and methyl 
iodide The a.quinoiyl-isoquinoline is exclusively monoacidic, whereas the 
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y-quinolyl-iso quinolines are diacidic m their salts with mineral acids A study 
of the therapeutic properties of these amt other similar compounds under 
investigation is m progress 

Presidency Colli qb, 

Madras , 

27th November, 1939 




STUDIES IN THE ISOQUINOLINE SERIES 
Part VII Cyclohexyl-Methyl Isoquinolinks 
By B B Dey and P R Venkata raman 
(Read January 2,1940 ) 

Papaverine baa been largely used as an antispasmodio Owing to the 
restrictions placed by the state on tho manufacture of morphine, it appeared 
at one time that the amount of pap&venne available from natural sources for 
meeting clinical demands would be inadequate Accordingly various synthetic 
products have been placed on tho market for clinical use which have a closo 
resemblance to papaverine in constitution and pharmacological action 

The following are some of the most mqiortant anti spasmodic which have 
been placed on the market — 

(1) Eupapavenne (2) Perpann 


CH CH 



British Patent, 348966 French Patent, 719638 

Ghem Zentr, 102, II, 1196 (1931) Chew. Zentr , 106,11, 740 (1932) 
(3) Neupavenne (4) Octavomne 



German Patent, 613006 Patent * 760825 


VOL. VI—No. S. 


[Published July 19th, 1940. 
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(5) 3,keto-4, benzoyl-3,4-dihydrobenzoxazine-l 4 British Patent, 
370360 (British Chsm Abstracts, B , 1932, 786 ) 

(6) Syntropan The tropic acid ester of 3-diothylammo-2,2-dimethyl 
propanol-1 Fromhera, Arch Exptl Path Pharmakol , 1933, 173, 86 


(7) Ethyldi-jS-phenyl-ethylarome 
US Patent, 2006114 



(8) Octm—the acid tartmte or hydrochloride of N, 1,5,trimethyl hexenyl- 
4,amine German Patent, 617636 

(9) Transentin—diphenyl acetic acid estor of /S-diethylammo-ethanol 
Meier, Kltn Wochschr , 1936, 15, 1403 

(10) Jwendal—tnbutyl acotamide (Arch Exptl Pathol Pharmakol, 
1937, 186, 662 ) 

(11) Sestron—the hydrochloride of ethyldi-y-phenyl-propylamme Kulz 
and Rosenmund, Klin Wochschr , 1938, 17, 346 

Recently, Bhcko and Monroe (J Amer Chern Soc , 1939, 61, 91) have 
synthesized me thy Idi -/J- cy cloh o xy 1 -e thy lami nea which have proved to be 
strong antispasmodics They may be formulated thus. 

,CH 2 \ / CH 2n ^ 

CH 2 CH ch 2 

ci 2 c!h 2 k ch 8 

NlH,/ CH 2 / 


ch 2 



tlo u 

\:h 2 / 


Although these compounds are obviously different from papaverine, they 
still bear an interesting relation to the completely hydrogenated papaverine 
molecule with the isoquinoline ring ruptured Blicke and Zienty (tbxd , 
p. 93) have synthesized methyldi-a-cyclohexyl-ethylamine, 

CH, CH(C,H n ) N-CHfCaHn) CH„ 



which also shows equally strong antispasmodic properties 
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In the hght of these oxpenmente, it was hoped that polymethylono 
compounds substituted in position 1 of tho 1,2,3,4-tetrahydro-isoqmnolmos 
should prove to be strong antispasmodics Accordingly, syntheses of the 
types of compounds A, B, and C, shown below, were undertaken 



CH 8 CH ch 2 

\>h 2 / ^ch/ 

1-Cyclohexyl tsoqmmhne. 

Tho scheme outlined below represents the various Bteps in the synthesis 
of 1-cyclohexyl lsoqumoline * 
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CHg 

/v V 


N 

ch 2 

ck 

ci^ cfa 2 
ck 8 ck 8 

Nih/ 


Zmo 

HsS 04 


yO 

“<0 


/\z m ‘\ 

' CH 2 

k'h 

^ce/ 


ch 2 

Jh 

Cr{ 'cilg 
ck 2 ch 2 
CH*^ 


Cyclohexyl maloiuo acid was prepaid by the redaction and hydrolysis of 
ethyl cyclohexylidene cyano-acotate obtained by the condensation ol cyclo- 
hexanono and ethyl cyano-acetate (Harding, Haworth, and Perkin, J Chem 
Soc , 1909, 93, 1043, Vogel, J Chem Soc , 1928, 2023 ) 

The malomc acid was hoated under reduced pressure in an oil bath when 
decarboxylation took placo and the oyclohexyl acetio acid distilled over 
This was converted by treatment with thionyl chlonde into cyclohexyl-acotyl 
chlondo which, in presence of aqueous alkali, reacted with homopiperonyl 
amine to give cyelohexyl-acetyl-j8-3 4,mothylenedioxy-phenyl ethyl amide 
(MP 128°) 

The amide, in presence of phosphoryl chloride in boiling toluene, gave 1, 
cyclohexyl-methyl-6.7,methylenedioxy-3.4,dihydroisoquinolme M P 100° 
The hydrochloride in a dilute solution exhibits a strong blue fluorescence 
Reduction of the base with zinc spanglos and sulphuric acid gave the tetrahydro 
base which oould not be crystallized successfully, probably owing to its low 
melting point The tetrahydro base gave a sparingly soluble hydrochloride 
which showed only a very feeble fluoresoenoe m a large volume of water 
The reduced base gave a stioky benzoyl derivative which could not be 
crystallized The p-mtro-benzoyl derivative, however, was prepared in a 
pure crystalline condition 

Experiments are m progress with cyclohexane carboxylic and dekalin 
oarboxylio acids 

Experimental 

Cyclohexyl acetio acid was prepared from cyolohexanone according to the 
scheme outlined below:— 
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CO 


-CO v 


/CHj-W V 

“I | " + CN CH 2 COOEt—► CHa C —C 

Hz \/ CHa \cHy-CHj^ \cOOEt 

CH* 

/CH,—CHav .CN XOOH 

■ Reduction CH* CH—CH —*C fl H u —CH 

\Ha—CH 2 / \XK) Et \x)OH 


—C0 2 


. C«H n CH,.COOH 


Preparation of cyclohexyltdene cyano-acetate 

(Harding, Haworth and Perkin, Joum Chern Soc , 1908, 93, 1943 ) 

Equimolecular proportions of cyclohexanone (9 8 g ) and ethyl cyano- 
acetate (11 3 g ) wore mixed with a few drops of pipendme and illowed to 
stand for a few minutes Condensation takes place readily with the separation 
of water 

The product was heated on the water bath for two hours, diluted with water, 
and extracted with ether The other extract was washed with dilute hydro- 
ohlorio acid, dried over anhydrous calcium ehlondo and the solvent removed 
The pale yellow oil was distilled under reduced pressure (165°-07 O /16 nun ) 

151°/12 mm 1 4974 (Vogel, Joum Chem Soc , 1928, 2023) 

160°-03716 mm (Lapworth and MacRae , Joum Chem Soc , 1922, 121, 
2764) 

151710 mm nJJ 6 * = 1 49670 (Birch, Kon and Norm, Joum Chem 
Soc , 1923, 123, 1373) 

Ethyl r-cydohexyl cyano-acetate 

(Vogel, ibxd , 2023 ) 

The unsaturated ester (10 0 g ) was reduced with moist aluminium amalgam 
(16 0 g ), there was a period of induction of about three hours and the reaction 
was complete after nine hours, when the product was worked up in the usual 
fashion and distilled Ethyl-r-oyclohexyl cyano-acetate (8 5 g.) passed over 
at 144-46/14 mm. The viscid residue was dissolved in methyl aloohol and 
the solvent evaporated in vacuum over concentrated sulphuric acid and traces 
of impurities removed by extracting with boiling light petroleum, when it 
melted at 87°. It was the bimolecular product, 
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CN 

/ 

C 6 H 10 >C-CH 

\x)OEt 

CN 

C fl H 10 >C-CH // 

\ 

COOEt 

The liquid reduction product, on redistillation, boiled at 145°/14 mm 
and had 6 * = 1*4812 

Cydohexyl malontc actd 

(Vogel, Joum Chem Soc , 1928, 2023 ) 

A solution of ethyl cydohexyl cyano-acetate (20 g ) m rectified spirit (40 g ) 
and a solution of potassium hydroxide (30 g ) in water (60 c c ) was refluxed 
for 18 hours and ovaporated to dryness An aqueous solution of the residue 
was shaken with other to removo unchanged substanoo, acidified and the 
precipitated acid filtered The acid mother liquor, on extraction with ether, 
yielded some more of tho acid M P 178° The yield was nearly quantitative 
The acid was purified by dissolving m NuHC0 8 solution and precipitating with 
HC1 

Cydohexyl acetic actd 

Cyclohexyl malonic acid (6 g) was distilled under reduced pressure 
from an oil-bath, when decarboxylation took place The acetic acid distilled 
at 117°/6 mm Yield, 2 g A considerable amount of a non-acidic material 
was left behind in the flask, which was not investigated (Cf Hope and 
Perkin, Joum Chem Soc , 96, 1364, they report the preparation of the acid 
in good yields by keeping the malonic acid at 180°, but do not record tho 
formation of the non-acidio substance ) 

Cyclohexyl-acetyl-f}-3 4-methyle7iedwxy-phenyl ethylamtde 



\3H 2 / 
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Cyclohexyl aeetio acid (2 66 g ) was carefully mixod with thioayl chloride 
(1 86 c c ) when a vigorous reaction set in with copious ovolution of hydrogen 
chloride The reaction was completed by heating the mixture on the steam- 
bath for half an hour The syrupy liquid was added in small portions to an 
ico cold emulsion of homopiporonylnmine (3 0 g ), in a solution of 10 per cent 
potassium hydroxide (20 c c ) with vigorous shaking after oach addition After 
the addition was completo, the pioduet was allowed to stand m an ice-bath 
for 10 minutos and filtered The residue was thoroughly washed with petroleum 
ethor and dried in vacuum desiccator The dried amide crystallized from 
alcohol (charcoal) in fino, long needles molting at 128° Yield, 4 9 g 

16 36 mg of the amide (dried in vacuum) gave 0 760 c c * N 2 ’ at 32° and 
763 mm pressure 

Found N, 6*23 per cent 

CiyH^OsN requires N, 4 86 per cent 

17 10 mg gave 44 44 mg of C0 2 and 12 73 mg of H 2 0 

Found C, 70 87, H, 8 27 per cent 

C^H^OsN requires C, 70 66, H, 8 02 per cent 

l-Cydohexyl-6 7-methylenedtoxy-3 4-dihydroisoqutnohne 


CH, 


< 



jh 2 

In 


c 

CH 2 -CH 

w 


% 

-oh*/ 


The above amide (2 0 g) was suspended m dry toluene (16 o o) and 
phosphorus oxychloride (10 c c ) added The mixture became warm and was 
then refluxed for 2\ hours at 120°-130° The fluorescent toluene solution was 
cooled and petroleum ether added till there was no more separation of a 
crys talline precipitate. The precipitate was collected at the pump, washed well 
with petroleum ether and treated with 16 c c hot water containing 2 6 c c 
concentrated hydrochloric acid. The hot solution was filtered, cooled and 
ether extracted The acid layer was freed from ether by warming on a water- 
bath, oooled to 0°C , and basified with liquor ammonia. The base separated 
as an amorphous powder on standing When the base was crystallized slowly 
from dilute alcohol, it separated m long silky needles Yield, 1*6 g. M.P. 100°. 

The base dissolves easily m alcohol and moderately m benzene and ether. 
When whiAftn with water, it exhibits a bright blue fluoreecenoe. 

18 37 mg (dried in vacuum) gave 0 87 c o of nitrogen at 31*6°C and 
769 4 mm. pressure; 22 98 mg gave 63 12 mg of C0 2 and 16*66 mg. of H 2 0. 

6 
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Found C, 74 01, H, 8 01, N, 5 30 per cent 

C 17 H 21 Q 2 N requires C, 75 23, H, 7 81, N, 5 16 per cent 

The plcdintchlortde 

The base (0 6 g) was dissolved in 3 cc hydrochloric acid (1 1) and 

treated with a solution of 5 per cent chloroplatmie acid till there was no more 
precipitate formed The light yellow amorphous solid was collected at tho 
pump, washed well with water, and then with a little dilute alcohol After 
drying in the stoam oven it melted at 204° (doc omp ) 

44 3 mg of the platinum salt (dried m vacuum at 100°) gave 0 287 mg of 
platinum 

Found Pt, 20 06 per cent 

(C 17 H 21 0 2 N) 2 H 2 PtCl6 requires Pt, 20 40 per cent 

The hydrochloride 

The base (0 1 g) was rubbed with concentrated hydrochloric acid (1 cc) 
and kept overnight in vacuum The solid was crystallized from hot absolute 
alcohol which deposited glistening plates molting at 188°-180° The salt is 
very hygroscopic and becomes sticky on exposure to air for a few minutes 
Its solution in wator exhibits a mild blue fluorescence 

38 44 mg (dried in vacuum) required 5 4 c c of 1 108 N/50 NaOH 

Found Cl, 11 04 per cent 

Ci 7 H 21 0 2 N HC1 requires Cl, 115 per cent 

The picraie 

The base (0 1 g) was dissolved m dilute hydrochloric acid (3 c c) and 
a ooncentrated solution of picric acid was added Tho picrate was collected 
at the pump and crystallized from acetone Short, stout needles melting 
at 102° 

16 02 mg gave 1 64 c o of nitrogen at 763 mm pressure and 32°C 

Found N, 11 15 per cent 

C 17 H 21 0 8 N C 6 H s 0 7 N3 requires N, 11 10 per cent 

l,Cyclohexyl-6 7,methylenedioxy-l 2 3 4,tetrahydro-isoquinohne 

The dihydro base (1 g ), zinc spangles (3 g ) and copper sulphate (0 05 g) 
were taken in water (35 c c ) and concentrated sulphuric acid (3 c o ) added m 
the course of an hour to the mixture heated on a water-bath Heating was 
continued for another hour after addition and the product filtered hot The 
residue was treated with boiling water thnee (10 c c each time) and filtered. 
The combined filtrate was cooled and basified with excess of ammonia The 
sticky precipitate was extracted with ether, the extract dried over anhydrous 
potassium carbonate and the solvent removed The residue that was left 
was also sticky and could not be crystallized successfully. It was therefore 

6b 
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converted into the pure hydrochloride by dissolving in dilute hydrochloric 
acid, evaporating the solution to dryness on a water-bath and crystallizing 
from dilute alcohol It separated in plates, meltmg at 214° 

The hydrochlonde is sparingly soluble in cold but dissolves readily in hot 
water, the solution exhibiting a blue fluorosconco 

39 21 mg (dried at 100°) requires 6 7 c c of 1 108 N/50 NaOH 
10 12 mg gave 0 614 c c of nitrogen at 769 9 mm and 33°C 
Found Cl, 11 43, N, 4 60 per cent 

C 17 H 24 0 2 NC1 requires Cl, 11 47, N, 4 62 por cent 
Tho p-nitrobenzoyl derivative was prepared by suspending the roducod 
baso (0 1 g) in 10 per cent potassium hydroxide solution (5 c o ), adding p- 
rutrobenzoyl chlonde (0 6 g ) in small quantities and shaking vigorously 

The separating solid was collet ted, washed well with dilute alkali and then 
with water, dried, and tho solid triturated successively with Binall amounts ol 
petroleum ether and dry other Tho residue c rystalhzod from boiling alcohol 
in glistening plates, melting at 164° 

20 84 mg (dried m vacuum) gave 1 246 c c of mtrogen at 769 7 mm 
and 32°C 

Found N, 6 69 por cent 

C24H 28 0 6 N 2 requires N, 6 63 per cent 
The picrate, prepared in the usual manner, crystallized from dilute alcohol 
in felted leaflets, melting at 178° 

16 00 mg gave 1 443 c c of mtrogen at 761 3 mm and 31 °C 
Found . N, 11 08 per cent 

C 17 H 23 0 2 N C 8 H 8 0 7 N 8 requires N, 11 16 per cent. 


Presidency Collude, 
MADRAS , 

30th November, 1939 




STUDIES IN THE ISOQUINOLINE SERIES 
Past VIII LI'-Bis-tetrahydro-isoquinolinbs 
By B B Dby and T R Qoyindachabi 
(Rend January 2,1940) 

As early as 1896, Hames and Eschenbach (Ber , 1896, 29, 380), while 
roducmg benzybdene ucetone with moist sodium or aluminium amalgam, 
observed the formation of a dimolecular reduction product with a coupling 
at the /3-position, thus 

CflHj CH CHCOCH 3 - > 0 e H 6 CH CH 2 CO CH a 

C fl H 6 dlH CH 2 CO CH 8 

Hames and co-workers (Ann , 1897, 29, 380 , Ber , 1898, 31, 1806, Ann , 1904, 
330, 236) extended the study of these reductions to benzybdene acetophenone, 
methyl cyclohexanone, phorone, mesityl oxide and other similar compounds, 
and m all these cases obtained endenoe of the formation of dimolecular 
reduction products 

Higginbotham and Lapworth (J C S , 1923, 129, 694) have advanced 
the adsorption theory to account for the foimationof these dimolecular 
products A part of the molecules are supposed to be first adsorbed, and 
these then attacked by the other molocules still m solution Two layers of 
simple molecules would then be formed one nbovo the other, changing ulti¬ 
mately into one layer of double molecules by readjustment of electrons in the 
whole complex system made up of the molecules as well as the metal and 
the solvent Alternatively, the individual molecules of the interacting pairs, 
which be side by side, form part of the layer of moleculos directly attached to 
the metal, and by subsequent readjustments of electrons m the systems, 
unite in pairs 

Israel Vogel has accepted the above theory as the most feasible, and as 
a result of a number of investigations on the reductions with aluminium 
amalgam of compounds of the type CRiR 2 = CR S R 4 , where R x , R 2 are groups 
or ring systems, and R 8 , R 4 are H, CN, COOEt or COOMe (J C 8 ,1927, 129, 
694, 1986, ibid, 1928, pp 1017, 2010, 2032), has arrived at certain general 
conclusions as follows — 

1 The extent to which dimolecular reduction products are formed 
depends on the groups R x , R* The larger the volumes of these 
groups, the less the chances of dimolecular produots being formed 
2. Other conditions being comparable, the nature of the compounds 
formed and their yields are controlled by the thi ckne ss and 
therefore the surface of the aluminium foil 
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Tho reduction of substituted 3 4 dihydro-isoquinohnes with aluminium 
amalgam, described m this communication, was undertaken with a view to 
study if such dimolecular products were formod at all during the reduction 
of the C = N linkage, and if ho, how far the yields of these products were 
controlled by tho nature and volume of the substituted attached to C-atom 
m position 1 

Norhydrastimne (6 7-methyleno-dioxy-3 4-dihydro-isoquinoline) gave 
only about 15 per cent of the dimolecular products (l,r-bis-norhydrohydra- 
stinino) and about 56 per cent of the normal tetrahydro base, norhydrohydra- 
stimne, whilo 1 mothyl-norhydrastinino gave as mu< h as 60-70 per cent of 
1,1' bis-mothyl-norhydrohydrastinmo and only 5-10 per cent of l,methyl- 
norhydrohydrastinme On tho other hand, with l.phenyl-norhydrastinmo, 
the normal reduction product, l.phenyl-norhydrohydrastimne appeared to 
bo exclusively formed (nearly 05 per cent), no evidoneo of the formation of 
any dimolecular reduction product being found Again, 1-benzyl norhydra- 
stimno gave 60 per cent of tho dimolecular compound (l-l'-bis-benzyl nor- 
hydrohydrastmine) and 30 per cent of the monomolocular product, 1-benzyl 
norhydrastimne The analytical data for tho latter comi>ounds are not yot 
complete, and this, together with the reduction of 1,cyclohexyl-, and 
l.oyclohexyl methyl-norhydrastmme, will form tho subject of a later 
communication 

Tho reduction of tho various lsoquinohnes studied in this paper is 
represented m the following scheme — 



[X ssa H or CH 8 or C„H 5 or C B H 6 CH*] 


CX 


(III) 



B B DEY & T R GOVINDACHABI STUDIES IN THE ISOQUINOLINB SERIES 221 


Norhydrastmine, and the l,mothyl- and l,phenyl-dorivatives appear to 
have been synthesised by Decker and Becker ( Ann , 1013, 395, 313), but 
complete details have not boon given by the authors They are now described 
in full 

Experimental 

Tho aluminium amalgam lequircd m these reductions was prepared 
according to tho method of Vogel (J C 8, 1027, p 597) with tho difference 
that a 05 per cent instead ot a 2 per cent solution of inorcuuc chloride was 
used 

Norhydrastmine, 

2 gins of homopiperonylamine were dissolved in 10 ec of dry ether 
and treated drop by drop with 0 6 gm of anhydrous formic acid The 
ether was then distilled off, and the salt heatod in a small flask fitted with a 
cork cairying a CaCl 2 -tube, to 180° 200° for 2 hours Alter cooling, 8 o c of 
diy toluene and then 4 c c of phosphoryl chloride were added and the solution 
was hoatod on an oil-bath to 120° for ono and half hours On cooling, 15 o c 
of petroleum other were added, allowed to stand for 15 minutes, and the 
tolueno-jietroleum ether layet dot antod off The gummy residue was dissolved 
m water, oxtraotod with othor to removo non-basio impurities, cooled in ice 
and basified with caustic soda The oil that separated was extracted with 
tienzene, the benzene extract dried over solid potash and the benzeno distilled 
off 1 65 gm of crude norhydrastmine (M P 83°-85°) were thus obtained 
Reerystallisation from hgroin gave 1 4 gm ol the pure product M P 90°-91° 

Reduction of norhydrastmine with aluminium amalgam 

2 gms of norhydrastmine wore added to 2 5 gins of aluminium amalgam 
in 76 c o of moist othor The flask was fitted with a double surface condenser 
and cooled m a large trough of cold water to minimise loss of other Tho 
evolution of hydrogen was found to cease immediately after tho addition of 
the isoquinohne but was resumed after what might be called an induction 
period of 15-20 minutes The i eduction was allowed to proceed for 48 hours, 
a few drops of water being added at the end of 24 hours The other was 
filtered off, the residue ground thoroughly with more ether, and again filtered 
(Residue A) 

The combined ether extracts loft on distillation, 1 4 gm of a mixture of 
solid and oil This was treated with 10e c of rectified spirits, warmed shghtly, 
cooled and thon filtered ft 2 gm of a solid was obtained which, after slow 
crystallisation from acetone, melted at 226°-227° White prismatic blocks 

The alooholio filtrate gave, on evaporation, 1 15 gm of oil Treatment 
with rectified spirits was repeated if there was any sign of solid particles 
The oil g^ve a mtroso-denvative crystallising in flat square plates M P 226° 
This was proved to be identical with the mtroso-denvative of norhydrohydra- 
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stimne prepared by the reduction of norhydrastinino with zinc and sulphuno 
acid 

Residue A was dissolved in 20 c c of 4N HC1, filtered, treated with alkali 
until the solution remamod slightly acidic, and precipitated with picric acid 
The pi crate (0 26 gin ) melted at 220°- 221° alter crystallisation from acetic acid 
(ihombic blocks) This was found to bo identical with the picrate of the 
compound, M P 226°-227°, obtained from the ethereal solution and it could 
be converted into tlio free base in the usual way 

bis-norhydrohydrastinine, (III, X = II), M P 226°-227° 

16 63 mg of substance dried in vacuum gave 1 2261 c c of nitrogen at 
33° and 757 6 mm pressure 
Found N, 8 19 per cent 
C 2 oH m 0 4 N 2 requires N, 7 90 por cont 

The plattnichlonde, M P 299° (docomp ) 

0636 gm gave -0091 gm of platinum 
Found Pt, 16 97 per cent 

[C2oH2o 0 4 N s ] 2 HgPtClj requires Pt, 17 6 per cent 
C,oH 2 o 0 4 N 2 H 2 PtCl a requires Pt, 26 75 por cent 
The mtro8o-denvative Thick rhombic needles from alcohol M P 218° (d ) 

11 42 mg gave 1 1792 c c of N 2 at 28° and 764 3 mm 
Found N, 11 79 per cent 
C 20 H 18 O ( iN 4 2H a O requires N, 11 66 pel cent 
Benzoyl derivative Clusters of tiny rhombic needles from alcohol M P 263° 
Picrate Crystallised from acetic acid as thick rhombic plates M P 220°-221° 
(docomp) 

Methxodxde, M P 226°—sparingly soluble in alcohol, unlike the methiodide of 
norhydrohydrastirune 

1, methyl-6, 7-methylenedwxy-4, 5-dihydrotsoqmnohne 

2 gms of homopiperonylamine were dissolved in 10 co of dry ether, 
and treated with 1 5 gm of acetic anhydride drop by drop The ether was 
then distillod off, and the thick oil left behind was treated with 8 o c of dry 
toluene and 2 o c of POCl 8 and kept at 120°-130° for one and a half hours 
After cooling, 20 o c of petroleum ether were added, allowed to stand for 10 
minutes and tho toluene-petroleum ether was decanted off The gummy 
residue was dissolved in 30 c c of water, and extracted with ether to remove 
non-basic impurities The acid solution was then strongly cooled and basified 
with caustic soda The oil that separated was extracted with benzene dried 
pver caustio potash and the benzene distilled off The oil that was left behind 
solidified immediately Yield, 21 gm MP. 81°-88° raised to 92° on 
crystallisation from ligroinT 
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Reduction of the above tsoqutnoline mth aluminium amalgam 

2 gms. of the isoqtiinohne were added to 2 5 gms. of aluminium amalgam 
in 75 o o of moist ether and the experiment conducted m the same way as 
with norhydrastinme Shiny white crystals began to separate soon after the 
initial period of induction, during which hydrogen ceased to be evolved, was 
over, hut the reaction was allowed to proceed as usual for 48 hours 

The solid residue m the flask was filtered from the ether, ground up 
thoroughly with more ether, and again filtered (Residuo A ) The collective 
other filtrates left on distillation a mixture of solid and oil This was treated 
with about 10 o c of rectified spirits The oil dissolved, and the undissolved 
sohd was filtered off This melted at 162° and after ret rystallisation from 
acetone, melted at 165° Rhombic plates Yield, 0 1 gm It is praotically 
insoluble m cold alcohol and dissolves sparingly in benzene, ether, hgroin, 
and more readily m hot acetone and chloroform 

The alcoholic filtrate gave, on evaporation under reduced pressure m a 
desiccator, only 0 1 gm of an oil which readily formed a sparingly soluble 
hydrobromide, M P 268°, and a picrate, M P 186° identical with the hydro¬ 
bromide and picrate respectively of 1,methyl 6,7-mothylene dioxy-1,2,3,4- 
tetrahydroisoquinohne 

Residue A was ground up m a mortar with 30 c c of 8N HC1, filtered, and 
the cooled filtrate nearly neutralised with caustic soda solution, and then 
precipitated with picric acid The picrate was collected, washed with water, 
ground up with 20 o o of 8N HC1, and the liberated picric acid removed by 
repeated extraction with ether The aqueous layer was then strongly cooled 
and basifiod with ammonia, the precipitated base was filtered, washed repeatedly 
with distilled water, and then with cold rectified spirit Yield, 1*2 gm 
MP 164°, after softening at 162° Recrystallisation from acetone gave 
rhombic plates, M P 165°, identical with the solid obtained from the ethereal 
filtrate 

l-T.bu-methyl-norhydrohydraetimne, (III, X = CH S ), M P 166° 

16*98 mg of substance gave 40 94 mg of C0 2 and 9 29 mg of H 2 0 
22 38 mg of substance gave 1 523 c c of N 2 at 38° and 766 3 mm 
CaaH^OtNg requires C, 69 47, H, 6 32, N, 7 37 per cent 
Found C, 69 87, H, 6 48, N, 7*46 per cent 
C 22 Hg 40 4 N 2 requires C, 69 47, H, 6 32, N, 7 37 per cent 

Picrate Laminated crystals, M P 164° 

10*36 mg gave 1 215 c c of nitrogen at 32°C and 760 8 mm 
Found N, 13 14 per cent 

GuHsoOigNg (dipicrate) requires N, 13 37 per oent 
The nitroso-denvative 

0*2 gm of the bis-isoquinoline was dissolved in 5 o c of HC1, cooled in % 
freezing mix ture, and treated with 5 drops of a saturated solution of NaN0 2 
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with stirring The white solid which separated was filtered quickly, washed 
thoroughly with cold distilled water, and dried in a vacuum desiccator over 
CaCl 2 It was crystallised from a small amount of hot acetone, avoiding 
prolonged boiling 

M P 160°, with decomposition and evolution of gas 

23 53 mg gave 2 6876 e c of nitrogen at 36° and 766 76 mm 

Found N, 12 54 per (ent 

C 2 2 H 2 / jO fl N 4 (dimtroso-donvative) requires N, 12 76 per cent 
The platimchloride, M P 240° 

0961 gm of platimchlonde gavo 0158 gm of platinum 
Found Platinum, 16 44 per cent 
(^ 22 ^ 24 (^ 2)2 H 2 PtCl 0 inquires Pt, 16 67 per tent 
H 2 PtCl fl requires Pt, 24 71 per cent 

Although there aie two basit nitrogen atoms in the bis-isoquinoline moleculo, 
tho analytical values for platinum indicate that two such bis-isoquinoline 
molocules have combined with one moleculo ot H 2 PtCl fl , as if it was a mono¬ 
acid base 

1 ,phenyl-norhydra#tinine 

2 gms of homopijx*ronylamino were bonzoylated in tho usual way end 
gave 3 0 gms of pure benzoyl homopiperonylanune after crystallisation from 
rectified spirits MP 119°-120° 

3 0 gms of benzoyl homopipcronylamnio were heated with 8 C C of POCl 8 
on the boiling water-bath lor one and a half hours and then poured on to crushed 
ice Tho solution was filtered, cooled, made alkaline with caustic soda and 
extracted with benzene The benzene extract was dried ovor solid caustic 
potash and the benzene distilled oft The crude product weighed 2 6 gms 
and melted at 134°-136° Rocrystallisation from ligroin gave 2 1 gms of the 
pure isoquinolino M P 138° 

Reduction of l-phenyl-norhydra8ttnine unth aluminium amalgam 

2 gms of tho above compound were reduced with 2 6 gms of amalgam in 
76 0 0 of moist ether in precisely tho same way as before Tho usual induction 
period of 6 minutes was observed also m this case The ethereal solution 
was filtered, the residue ground up with more ether, and again filtered The 
combined ether filtrates gave 1 95 gm of a solid, M P 97°-98°, with only slight 
sintering at 95° On crystallising from ligroin, it melted at 98° The hydro¬ 
chloride, prepared by rubbmg tho compound with aqueous HC 1 , melted at 
280°-281° The substance was proved to be identical with 1-phenyl-norhydro- 
hydrastmine m all respects Not a traoe of the dimolecular product could be 
observed in this case 

Pbbsedsnot Oolubqh, 

Madras, 


12th December, 1939. 



ON THE THEORY OF A SYSTEM OF RECEDING PARTICLES HAVING 
A TENDENCY TO APPROACH THE CENTRAL MASS 

By D N Moghe, Research Scholar, Bombay University 

(Communicated by Piot G S Mahajani, Ph D ) 

{Read March 11, 1940 ) 

I Introduction and formulation of the new equations of motion 

Milne has given a theory of a system of particles moving within a spheie 
of radius r — ct at an epoch t such that the speed of any individual pit) tide 
increases with the distance The spate (3-dimensional) in which the particles 
are supposed to move is ‘flat’, and it is also supposed to be devoid of any 
irregularities as to its structure, it being assumed that the material contents 
are swept away to r = ct The space within the spline r = ct, theiefore, is 
homogeneous but not, in general, isotropic , it will be shown below that it is 
isotropic only for G(£) = —1 Hence, such a smoothed out universe is called 
a ‘substratum’ This has been accepted to be a possible form of a woiId- 
model The theory associated with such a model has been termed the 
Kincmutical Theory of Relativity, and it centres round the following path- 
equations for the system of particles having a motion of recession, viz 

f = (P-FC)|G( ft ■ (1) 

where 

X = t*-P*lc*, Y = 1 — F*/c*, Z = t-^, £ = ~ > P - JW+y'+z*), 

V = {u, v, to), ^ «= u, etc , the notation being the same as that given by 

Milne These are the equations of motion for the kinematical system regarded 
. Btdxdydz ,, , . 

as a statistical system with a distribution function »the particles 

moving away from the observer (who is supi>oscd to be situated at 
the centre of the nuclear cluster) with speed increasing with the distance 
Here, the explicit assumption is that the attraction of the nuclear cluster on 
this reoedmg swarm of point masses is negligible in comparison to the force 
tending the outward motion This uniformly increasing outward motion 
m every direction gives an idea of the homogeneity of structure for the 
smoothed out universe, but the isotropy of pressure is not, in general, satisfied 
by this model as can be shown by having recourse to a general line-element for 
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Milne’s oase Tlus lme-elemcnt has been shown by Walker 1 to be of the 
form 

ds*= { Z(Z)} 2 ^rlt* - 1 (dr* + rW + r* sin* 0r/<£*) J (2) 

r % 

where X = 1* — — The condition of isotropy, viz 

(*) 

where 6 is the Ricmanman curvature, and the 8’s are the Kronecker deltas, 
and = — — , etc , in this case redute to equations of the form 

K.-**’’** < 4 > 

which, in turn, leads to the following differential equation for F(X), viz 



The complete integral of (5) is 

F = (nX+6)- 1 (6) 

where a and 6 are arbitrary (onstants If m (0) we put 6 = 0 and a = Iq S , 
(2) then gives a line-element for the case 0({) = — 1 This line-element 
has been tinned by Gilbert * as the ‘ Metric of the Substratum’ 

Although, m reality, the condition of isotropy and homogeneity do not 
exactly hold good, tlus assumption is not very far from the true state As it 
is, it should bo remembered that (1) does not actually represent the motion 
of a system of particles in a Blightly inhomogeneous material distribution m a 
possible form of a world-model The slight irregularities here and there due 
to the non-homogeneity of the model under consideration are not supposed 
to destroy the property of an isotropic pressure to any appreciable extent for the 
particular case Q(£) = —1 Thus, as a matter of fact, the reoeding particles 
are attracted by other masses (including the nuclear duster) which are excluded 
from the ‘domain’ forming the statistical system This ‘extraneous’ influence 
would naturally tend to hinder the outward motion and the recession of partioles 
cannot ‘go on’ indefinitely For the purpose of simplicity, let us assume 
that the space r = ct is smoothed out of any inhomogeneous matter except 
the nuclear cluster so that the partides are attracted towards the central 
mass only Let B be the radius of the model under consideration at any epoch 
t, so that B = ct The law of recession at such a great distance is 

'-F-j . (7> 

Therefore, for r ~ ct we have 

X a« « <*, 7 ■ «, Z n < t, (■!, 


( 8 ) 
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where < 


P* 

c*t*’ 


Henoe, the acceleration formula reduces to 


dV 

dt 


0 


(9) 


This would give zero acceleration for any particle of the system, so that a 
thick ‘horizon’ would be formed on the surface of the sphere r = R So, it is 
natural to suppose that the motion of particles of the non-homogeneous system 
is reversed after they reach the limits of the model and the modified equations 
of motion for these particles incorporating this tendency to ‘go baok’ oan be 
expressed as a single vector relation 

% - W- Vt) | O(0± YZH(X, () (10) 


which is invariant for Lorentz transformations In general, wc have the 
veotor relation, viz 


^ - (/>- Vt) | G(()±Y-Z-H(X, f) (11) 


which is Lorentz-invariant provided 2m+n = 3 

It is possible to obtain equations (10) from the Principle of Least Aotion 
The procedure is similar to that used by Walker 8 We have the variational 
integral, viz 

gjV<& = 0 .. (12) 


where da - Y*dt Let W(X, () = X*£*U(X, £), then (12) can be written as 

sJ(ZU)dt= 0 . . . (13) 

whioh leads to the following variational equation 


Let us put 


also, we have 
dX 
dt “ 

dZ 
dt " 

5 " 


2Z, *1 _ -i^lY-Z) | 0(f)±£ YZH(X, f)|, 
Y-{(lZ-X}jO(()±? YZH(X,t)}, 

y (i-fld +G>*m (p-Vj) 


(14) 
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With the help of these relations, after considerable reduction, (14) reduces to 


that is, 






(17) gives 


j[log{^(P-Ki)}]-0. 


f »2_. 

, 


{ P - V ?) 


where a is a constant of integration 

The relation (14) can be written in terms of A as 


(15) 

( 10 ) 

(17) 

(18) 


or, 


where 


Therefore, 


Henoe, 


that is, 


which gives 


dU 

D VY dA , 

/i dri 



(19) 

dt '' 

=''U^+ 

2Z df J 

~ F dF 

’ 





(20) 





dF 


Y 

<L4 1 d7 

r 1 

dA 1 

<U 


' AZ 

d* + 2Z dt * 

^"2 


>-Vt 



• < 21 > 

dv 7 

■£~(P-Vt)jG±YZH 


2 Mechanical properties of the new equations of motion. 

It has been shown before that at a great distance the relations (8) hold 
good and that the acceleration of an individual partiole tends to zero For 
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similar considerations the new equations of motion would give the iolJowing 
value for the acceleration at great distances 


dV_ __ , KG{\ ) 
dt~ ± /3 


(24) 


Here we have put H(X, g) = KX~ i O(g) wlieio K is a constant 
difficult to prove that C/(l) = — 1 (24) then comes out as 

dV _ K 

dt ~ /3 


It is not 

(25) 


It is, therefore, quite evident that foi a system of paititles to have a tendency 
to approach the central mass we must take the upper sign only lor the second 
term on the r h s of equation (10) There is, therefore, no loss of generality 
if m place of (10) we take the equation of motion as 

^ _ (p- vi) j mn+^rf o(o (2») 


If the radius of curvatuie of the tiajcttonos given by (1) is p 0 and p is 
the ladius of curvature of those given by (10), then 


- = -+», 

P P 0 


where 


c*YQ(g) 
' XV s 


[^(P_W)2_zytf_i)] 4 


(27) 


(28) 


and n = n(P, V, t) which is positive Hence 

*>!, 
f Po 
or, 

p 0 >p 

which dearly indicates attraction towards the nuclear cluster 
From (26) we can write down the acceleration formula as 4 

0(g) 


on its r h s a sum of two 
i it can be expressed as 


(30) 


The equation (30) oontainB on its r h s a sum of two ‘complementary ’ accelera¬ 
tions gi and Qi, and hence it can be expressed as 

(31) 


where 


-{ p ~ 


„-A 1 Kg Kg 

v y)x~zx 91 ZX 


(32) 
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°\{ p - v y) 'x+M \ 

(f-l)v(f) 


«-!)'«) 


Near a condensation (not necessarily the oentral mass), £->l, X~yfi, y-* 1, 
etc , and we get 

P-Vt CV«# A7V3 

** ” |P-W|*^(1) I P- Yt |30(I) i ; 

The second term on the r h s of (34) gives the departure from the inverse 
square law for the system of particles considered here g x and g 2 are the 
values given by Milne 

If Q% be the component of local acceleration due to gravitation we get 
the foroe equation corresponding to (34) in the form 

F’ = F+^aU) (36) 

where F is the force of gravitation for Milne’s case (obeying the inverse square 
law), and it is given by 

F = Mg 2 +Yi ~ , M = (36) 

If p' be the momentum when nuolear foroes are present, andp be the momentum 
for Milne’s case, then, we have 

(37) 


1 ip , . , V l iM 

From (37) and (38) we doduoe the relation 

1 d(8p) MKt 

Yi~dT nr 0{(h 

where we put p'—p «■ 8p 


3. Force and energy equations for the new system of particles. 

The origin 0 being situated at the centre of the nuolear cluster, the 
acceleration of the receding particles can be written as 
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If a condensation is determined by )]f = i = maximum, and, if 
0(1)« “ a (a-*Oasf-*l) 


gives the mverse square law for the atti action, then as the departure from 
the inverse square law is not considerable m the prosent oase, (40) can be 
written as 


dV 

cU 






Y j. K7 ll 

X + X* i 




(41) 


where if is the mass of the condensation Let m x be the mass of the partiole 
(P, V, t) Then the relation giving the interaction between m 1 and M under 
the influence of the nucloar forces is given by 


Y idt L F* J 


MQ-jKS] 


y® y® 

l on mi due to if is 

{ [P-yjj+S] | v 1 dMi 
MvXtf-l)' Y i F* dt 


M 0 X(Z-l)* F s F 1 

where the force of attraction on mi due to if is 

MM X 


(42) 


(43) 


and the time-component corresponding to Fp [i e , the time-component of the 
four-vector (Fp, P*)] 18 


F lS 


MMl \( c ‘~°r) + xr} _ „ i itith 
, _ + 


ifoX(f-l) 1 
The energy equation can now be expressed as 


7 i 7 i dt 


(44) 




which with the help of (43) and (44) yields the relation, viz , 

&XY -K(c-V) dMi c*MMi 2K( f x r -p t )MMi ^ 

dt “if^tf-l)* M 0 X*Y(€-l)t ’ 


XY* 


Z Z 

PP " P— V J, H t = Ct-Cy. 


7 
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The gravitational potential is given by the equation 

d . ^ . KZ(c~V) mi M 

di (C 1+X) “ if 0 X*7(£-l)» 

If x an X (P, t), then the gravitational potential is determined by 


a* ^ M \{ p - V i)+S\ y ^ 

3D = tr.J. <>1 ' T7-1 T7- 


and 


dP 


1 <h( . 

c dt~ 


7* 7*" 


dJfi 


W-1) 1 

m,Jf [(<*-«$)+ffj c , 


_djr 

7i 7* d< 


( 47 ) 


(48) 


(49) 


Considering the condensation m as a simple point-mass just as m Xt the equation 
corresponding to (47) would be 


w] = 


KZ(c-V)mM 1 
MoX*Y(t- 1)* 


(60) 


If we put x = the potential energy P E , M x c % = Ey, Me 2 = JK, etc , then (47) 
and (60) give together the energy equation for the pair of two interacting 
particles my and m as 




KZ(c— V){mEy+myE) 

c*3f 0 X*7(f-l)* 


(61)* 


Let us suppose that m is the mass of the nuolear cluster, m lt m 2 , , m n are 

the masses of the receding partioles, if the interaction of the particles amongst 
themselves be neglected, then the energy equation for this system of particles 
surrounding the nucleus of mass m is given by the relation, viz , 


a |^2»x + ni!+i>,J . 


KZ(c—V) j E r -{-E i 

( r-1 r«l 

c*ifoJ*7(£-l)* 


(62) 


If, however, the interaction between the particles themselves is oomparable 
with that between the partioles and the central mass, then the energy equation 
for the system oan be written as: 


• It can be verified that 

jfZto-PXwfli+whlg) ^ 

Similar results oan be obtained for the equations (52) and (58). 
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| £<»+Dx+fl+ £ - 


(n a —n+2) 
2 n 


KZ(c- F) E r +E J m r 


(53) 


It will be seen that the total enetgy for a pair of two mteraoting partioles 
as given by (51) is negative Similarly, (52) and (53) give negative energy for 
the particular eases considered This negative value for the total energy 
of the three particular oases considered is, perhaps, due to a tendency of 
approach towards the nuclear cluster, present in the slightly non-homogeneous 
system of particles in (an approximately statistical) receding motion 


4 Some consequences resulting prom the new equations op motion 


Ah an example of the tendency to approach towards the central mass 
exhibited by the system of particles considered here, let us take the system 
of particles given by Q (£)+1 ~ 0, X ~ P, Y ~ 1, Z ~t, so that (20) is 
simplified to the form, viz , 


dV _ P-Vt _ K 
dt~ 


• (64) 


This system of particles is constrained to move under the influence of the 
central mass and the velocity of the constrained particle is now ^ F— y — 

instead of ^F— ^ It is interesting to study the eleotneal state of this 

system of partioles If m is the mass of each particle and e its charge, then the 
equation of motion of a particle of the system takes the form: 

m^V^eF-fiU .(55)* 

at 


where F = (X, Y, Z) is the electno force, U the velocity of the constrained 

P K 

partiole and fi is a constant In the present case, U = F— j "" (56) 

now reduces to 


•»(*- •• <«> 

Therefore, 

p ■■ div F ■» div Fj, V x - V— j, .. .. (57) 
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where p is the density of the electric charge When p is not a funotion of 
position the equation of continuity 6 gives 


From (67) and (68) we get 

which intergrates into 

P' 1 - Pq 1 " 


2 ?+p dlv t-’i = » 


^+—^ = 0 


e(pt+m log m) 


- -jj log (m+pi), 


.. ( 68 ) 
.. (69) 
. (60) 


where po is the mitial density of charge The magnetic force B = (a, J3, y) 
is given by 


curlB »• pV 2 — 


mVi 2Km _ 


K 

2/2’ 


. (61) 


the other equation remaining the same as in an earlier paper by the author 
The mechanical stress can be expressed as 

{P,Q,B) - y » ~,+[B r,]j (62) 

The rate at wluoh work is done by the mechanical foroes and tho flow of 
energy per unit area (Poynting flux) are respectively given by 


and 


dW = nV f W+ ^ r _ mK l 

W ° pVi [~d~ Vi 

m+pt rD mKB 

w "“ r [B 


(63) 

(64) 


The points of difference between the system of particles considered here 
and the fundamental system (i e , the simple system) considered m a former 
paper can be dearly brought out from the above relations Two points of 
interest are* (1) the density of eleotno charge does not tend to zero as f-»-oo, 
and (2) the rate of change of the magnetic vector per unit time is the same 
for these two systems, although its magnitude is different for the two systems 
It is a great pleasure to record my grateful thanks to Dr G 8 Mahajani 
for his keen interest m my work 


6 Summary 

In this paper we have extended Milne’s Kwematioal Theory to a system 
of reoeding partioles in a slightly inhomogeneous space with a dense cluster 
at the centre of the sphere r = ct This system has, therefore, a tendency to 
4 $proach the central mass due to the mutual attraction Equations of motion 
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are obtained for this new system of particles from the principle of least notion 
These equations are given by (26) The attraction towards the nuclear duster 
is also evident from the relation p Q >p, where p is the radius of ourvature of 
the space for the new system and p Q is that for Milne’s case Consideration of 
the energy equation for this system leads to a negutive value for the energy- 
function from which it can be surmised that thiB must be due to the ‘tendenoy 
of approach’ towards the central cluster As an example, a system of charged 
particles conforming to the extended theory is considered and it is compared 
to the simple system of charged particles referred to above 
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Introduction 

The first sand filter generally referred to as the slow sand filter was built 
m 1820 by James Simpson for the Chelsea Wator Company of London It 
was suooessful in removing turbidity and in improving the water hygiemoally 
The pnnoiple underlying its action was not understood until some years later 
Very soon however the use of Band filters was made compulsory for all river 
water supplies of Great Britain 

The Metropolitan Water Board, London, now operate 178 slow and 
secondary sand filters, the total area of whioh is 175 64 acres The latest slow 
sand filters were constructed at Walton m 1926 Some of these filters have 
been working for almost a century and *aro still performing yeoman servioe’ 
(Harold, 1935). In Europe sand filters are quite common and in Germany 
their use appears to be oompulsory 

Generally, alow sand filtration is to be prefeired to other systems of 
purification as it purifies water in one simple process, removes tastes and 
odours due to algae to a marked degree, and ensures the supply of a safe 
water. Govinda Raju (1025-26) seems to prefer this system for India as in 
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his view it does not involve the continuous addition of chemicals, as the waters 
of this country aro practically free from suspended matter and as the cost of 
land is vory cheap 

But tune has shown that slow sand filters in India have not been the 
unqualified sucooss that they have boen m England and on the continent 
The weight of opinion is still in favour of slow sand filters (Harold, l c ) If 
m this paper statements are made against their use in India and in the tropics, 
it is not our intention to assail its universality It is only to investigate 
and prove that some changes in the method of purification aro called for m 
view of the varying and variable conditions of tho tropics 

In sevoral plaoes in North and South India where slow sand filters are 
m use, the presence of HgS has caused considorablo anxiety to tho water works 
authorities The uso of slow sand filters in tho following towns have really 
been disappointing At Agra (Stowait, 1933) in North India, at Baroda m 
West India, and at Adorn, Salom, Madias, Boihampui, Cocanada, Vizagapatam 
in South India (G W F C Reports) the filtrates ftom slow sand filters contain 
HjS in considerable quantities 

It may also bo stated that slow sand filtration is not always an unfailing 
mothod of water purification from all points of view In one case tho pre¬ 
valence of goitre was attributed to inadequate purification by slow sand filters 
Robert MoCarnson (1913-1914) m his ‘Enquiry nito tho causation of goitre 
at tho Lawrence Military Asylum, Sanawar’ lias stated that ‘Another point 
of considerable interest is, that up to the year 1904 sand filters appear to 
have been employod with a viow to the purification of the water So ineffec¬ 
tual were these, howevor, that their use was abandoned at the suggestion 
of the Chemioal Examiner to the Punjab Government, who found that the 
water passed through them was considerably more impure than the untreated 
water’ Further, ‘tho provision of a chemically and bactenologically pure 
water is urgent, since apart from goitre, grave epidemics of water-borne 
diseases may at any time attack the people ’ 

The present system of slow sand filtration at Madras has not been able 
to produoe a potable water (t nde various Reports of tho Government Co mmi ttee 
on Water and Sewage Purification and the periodical Reports of the Director, 
King Institute, Giundy, 1934) Two drawbacks noticed in the Madras slow 
sand filters are* (t) the production of H s S m fairly large quantities, and 
(u) the inability to supply at all times a water of uniform purity Regarding 
tho first Dey and Ganapati (1934) have examined m detail the oause of the 
production of H^S and have also isolated the causative organism responsible 
for it It is now proposed to examine the various physical, chemical and 
biological processes whioh take place m the Madras slow sand filters with a 
view to obtain an insight into the causes of their failure as an eflioient purifica¬ 
tion prooess So this thesis is devoted to a study of the physical, chemical 
and biologioal conditions of • (1) the souroes of the Madras Water Supply, (2) 
the raw water oonduit (7*5 miles long) from the Red Hills Lake to the water 
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works at Kilpauk where the slow sand filters are located, (3) the raw water 
prior to alow sand filtration, (4) the slow sand filters and their effluent, and 
(fi) general summary and conclusion 

Chapter I 

1 The Chemistry and Biology of the Sources of the Madras Water Supply 

'Some lako and reservoir waters may be applied to sand filters in their 
raw state ’ Usually plain sedimentation is allowed to take place for twelve 
hours to three days to allow the suspended pat tides to go down to the bottom, 
the top wator being taken to tho filters 

In the case of Madras, the sources of wator supply aro the Kortalayar 
river, Sholavaram Lako and Red Hills Like (Fig 1) The water from tho 
river is diverted by means of a low wall put across its breadth at a place called 
Tamarapakkam about 17 miles north-west of Madras Tho weir diverts the 
river excluding the greater flood discharges from the main river into a channel 
whioh leads to an artificial lake or reservoir called tho Sholavaram Lake, 
wherein tho wator is stored and slowly sent lower down again by another 
channel into the Red Hills Lake So the water supply to the city is stored 
m two reservoirs, which also act as effluent settling tanks, as they hold many 
days’ supply They insure an adequate supply of water even in times of 
drought for about a year Cortam improvements in the physical, chemical 
and bacteriological qualities of a water aro known to occur as a result 
of storage (Houston, 1914) Those improvements scorn to take place m 
tropical waters also (Cunningham and Raghavachari, 1920) But in the 
tropics the disadvantages accruing fiom the long storage of water seem to 
outweigh the benoficial effects of storago on account ol algal growths (Fowler, 
1923, King, 1931) 

The real troublo in tho oase of Madras also seems to be duo to algae 
It is now proposed to make a brief survoy of the important physical, ohemica) 
and biological conditions of the two lakes, as such a survey will throw useful 
light on tho various biochemical changes taking place in the slow sand filters 
at Kilpauk, which will be discussed in Chapter IV 

The Sholavaram Lake 

It is 2 miles long, 1 26 miles broad, and has a ma xi m um depth of 10 feet 
At full tank level it has an area of 2 sq miles and a capacity of 683*3 m o ft 
It is a penodio lake which runs almost dry usually towards the end of the 
south-west monsoon season 

The colour of the water varies from whitish-blue to yellowish brown 
It is whitish blue during the cold weather and north-east monsoon season, 
bluish green during the hot weather period and yellowish brown during the 
south-west monsoon season The temperature of the water is also high and 
is nearly uniform from surface to bottom The water is saturated with oxygen 
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during the major part of the year Supersaturation also takes plaoe sometimes 
durmg all seasons of the year Nutrient substances like phosphates, nitrites 
and nitrates are oonspicuous by their absence Free ammonia is found only 
in traoes, while albuminoid ammonia and oxidisable organic matter are found 
in considerable quantities 

The maorophytio vegetation is found in abundanoe Tho aquatic 
vegetation consists chiefly of HydnUa verttcellata, VaUtsnerta spiralis and 
Potomogeton natans, whioh are found to cover the entire bottom of the lake 
during the south-west monsoon season (June to September) The phyto¬ 
plankton is quantitatively poorly developed It is poor in Diatoms and 
Desmids, while Myxophycea© is dominant The dominant forms of 
Myxophyoeae are Microcystis aeroginosa, Microcystis marginata, Microcystis 
protocystis and Aphanothece sp nov The zoo-plankton is also poorly repre¬ 
sented and consists of 0 forms of Cladooera, one of Copopoda, one of Ostraooda, 
and nine forms of Nematoda 

The baotenal quality of the water is found to vary from season to season 
Generally tho water is of highest baoterial purity from the sanitary view¬ 
point during the hot weather and south-west monsoon season and of lowest 
purity during the north-east monsoon season 

This lake may therefore be briefly characterised as a highly evolved, 
periodic, eutrophio lake 

The Red Hills Lake 

The Red Hills Lake which is also of the ‘constant settlement’ type has a 
oatohment area of over 23 sq mdes and reoeives water from Sholavaram Lake, 
whioh in turn is supplied by the Kortalayar river So the lake thus reoeives 
water that has travelled over an extensive area and has gathered considerable 
polluting and nutrient material Its catchment area is composed of grazing, 
agricultural and waste lands The sod around and at the bottom is composed 
of brown and red ochre earth latent©, which consists essentially of iron, silica 
and alumina and very little of lime and magnesia (Warth and Warth, 1903) 
Holland (1903) thinks that the relatives of the remarkable genera Crenothnx, 
Cladothnx, eto , which are aotive agents in the oxidation of ferrous salts, are 
sure to ooour in newly-forming laterites. This statement is interesting m 
view of tho occurrence of iron bacteria m the lake water and in the filtered 
water chambers of the slow sand filters at Kdpauk 

The lake is 3 5 miles long with a maximum breadth of 2*5 miles and 
mean breadth of 2 0 miles and covers an area of 7 sq mdes at its maximum 
level Its maximum depth is about 20 feet, and its capacity has been estimated 
at 2,162 m c ft 

The water is yellowish green in colour and has a low transparency Its 
shores and bottom are not rooky but are heavdy silted No permanent 
thermal stratification is seen m it but its temperature is high and is almost 
uniform from the surfeoe to the bottom with circulation taking plaoe con¬ 
tinuously throughout the year The water is soft and alkaline but is extremely 
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poor in nutrient salts like phosphates and nitrates. It is fairly well saturated 
with oxygen whioh is nearly homogeneously distributed from the surface to 
the bottom The content of free ammonia is extremely low but the amount 
of albuminoid ammonia and of oxidisable organio matter arc great and are 
found in maximum during the end of the south-west monsoon season 

It does not possess a broad zone of littoral vegetation and any distinct 
conation of plants towards depth Its aquatic vegetation consists chiefly of 
Potomogeton natana and Naxos flexxlts Its phytoplankton is not quantitatively 
well developed and consists largely of blue-greon algae Aphanocapsa elachisla 
var novo and Oscxttaiorxa hmnetxca Desmids and Diatoms are poorly 
represented 

Baoteriologioally the lake water is of fairly good quality Lactoso 
fermenters are presont m volumes of water varying from 60 o o to 1 o o and 
upwards and the total colonies per oo growing on nutrient agar at 37°C 
after 48 hours’ incubation varied between 300 and 1,800 

Besides these, the lake water is found to contain other physiological 
groups of bactena such as iron baotona, H 8 S producing bacteria, colourless 
sulphur bactena, purple coloured, sulphurless ami sulphur containing bacteria 
and green coloured sulphur bacteria All theso groups of bactena do not 
occur as such but have been cultured from the Red Hills Lake water The 
existence of iron baoteria can be shown by carrying out a series of experiments 
on the lines suggested by Harder (1914) Tho presence of bacteria capable of 
decomposing sulphur bearing proteins and all compounds containing sulphur 
other than sulphates to sulphuretted hydrogen can be demonstrated by inoculat¬ 
ing nutrient agar containing lead acetate and any one of the sulphur compounds 
with the Red Hills Lake water Four types of bacteria—a long spirillum with 
three to four windings, a vibno, a bacillus and a coccus—were obtained (Dey 
and Ganapati, 1934) They were able to produce H^S from sulphur, sulphites, 
thiosulphates and oystine but not from sulphate in Boijerinck’s protein-free 
medium (Beijennok, 1900) Moreover, none of those bactena producod H 2 S 
from Van Delden's (1904) liquid medium The presonce of sulphate reducing 
bactena in the lake has already been reported (Dey and Ganapati, 1934) 

As for sulphur bactena, the presence of the colourless one can be equally 
demonstrated by carrying out an experiment desenbed by Winogradsky 
(Lafar, 1910, and Ellis, 1932) Purple coloured, sulphurloss bactena can be 
shown by inooulatwg Van Delden’s medium with bits of rotting Plumatella 
collected from the raw water conduit and exposing the bottles to diffused light 
for a week A bean-shaped SpxrxUum almost agreeing with the descnption 
given by Mohsoh (1907) for Rhodovxbno parvus has been obtained 

Purple coloured and green coloured sulphur bacteria have been isolated 
from the lake water making use of Van Niel’s medium (1931) 

Almost all the physiological groups of bactena mentioned above are 
seen in the effluents or oan be cultured from the slow sand filters at Kilpauk 
(see Chapter IV) 
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The bottom deposits at the Lake —The surface layer of the bottom sediment 
vanes from yellowish to brown, but just beneath it the colour is black due 
to the prosonoe of hydrated ferrous sulphide The black colour disappears 
on exposure to air Exactly similar conditions prevail m the slow sand filters 
at Kilpauk The top layer of the filtering medium is brownish and the lower 
portion is black due to iron sulphide The formation of black FeS is attributed 
to sulphate reduction (Doy and Ganapati, l c) 

Chapter II 

Biological Conditions of the Raw Water Conduit (7 6 miles long) from Red Hills 
Lake to the Water Works at Kilpauk 

From Red Hills Lake tho water flows by gravity to Kilpauk, a distanoe 
of 7 5 milos 57 ventilators are provided, the distance between two being 
about 1,000 ft They are arranged alternately as air mlots and air outlets 
Tho quality of the raw water was examined only once in 1926 from the sanitary 
view-point Samples drawn on the same day from a numbor of adjacent 
manholos yielded widely vanant results, lactose fermentors varying from 
‘present mice to present m 60 o o ’ (Ganapati, 1926) The entire conduit 
is water-tight, so that there is no possibility of any sub-soil water entering it 
(Hutton-Justioe Committee Report, 1917-18, p 36) 

Thick patches of brownish sponge-like growth are seen throughout on 
the floor and sides of the conduit, just below the surface of the water They 
are found in abundanoe just near the ventilators This growth is Plumatdla 
Tanganyika (Roussolet) and is also reported to be present m the Water Works 
of Hamburg, Torquay and Colombo, and m the lakes Tanganyika, Nyasea, 
etc , in Africa (Dey and Ganapati, l c ) Entangled m the meshes of this 
growth are numerous Infusors, Molluscs, Rotifers, Protozoa, Algae ( Pedtastrum 
simplex var radians Lemm, Staurastntm sp, Pleurosigma sp), Beggiatoa 
and small worms besides brown hydrated oxide of iron The decayed growth 
nearest to the walls of the conduit is always black The black portions on 
treatment with dilute hydrochlono aoid evolve HjS and become brown 
Exposure to the atmosphere turns it brown proving that the black oolour is 
duo to hydrated ferrous sulphide Similar black flakes of iron sulphide were 
noticed by Kolkwitz (1918) in the salt water ditches of Artern (Germany), 
beneath the surface of bunches of Ruppta, and he offered the explanation 
based on simple experiments that the prooesa of oxygen consumption by 
aerobic baotena took place on the surface, creating m the intenor conditions 
favourable for anaerobiosis Hydrogen sulphide chiefly originated there ‘by 
putrefaotion and sulphate reduction, under the influence of the anaerobio 
fission fungi and led simultaneously to the formation of iron sulphide’ 

In the present case, the thick patches of the Polyxoa can be compared to 
bunohes of Ruppua and the flow of water in the conduit must be considered 
slow as the fall from Red Hills to Kilpauk is 1 in 4500 A similar explanation 
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for the formation of iron sulphide m the conduit suggests itself In order to 
prove that such was really the case, three bottles of 300 t c capacity were 
filled with raw water The first bottle wus kept as control, to the second 
some decayed bryozoan growth was added, and to the third some growth, 
0*6 gm of magnesium sulphate, and 0*1 gm of potassium phosphate All 
the three bottles were firmly stoppered, paraffined and kopt in the dark for a 
fortnight. Within a week bottles II and III turned blaok, but the intensity 
was greater m the third bottle, which on being opened evolved a pure smell of 
sulphuretted hydrogen It is inferred that as a result oi the decomposition of 
the added bryozoan growth the free oxygon of water tbsappeaiod first, whereby 
evidently favourable conditions for the multiplication of stnotly anaerobic 
sulphato reducers originated, resulting in the production of hydrogen sulphide 

Using Van Delden’s medium (1904) Beijormok’s Spirillum demlfuncans 
(1895) has been cultured from a bit of decayed growth of the polyzoa By 
using methods similar to those mentioned at the end of the last chapter colour¬ 
less and purple ooloured sulphur baotonu and purple colouiod sulphurloss 
bacteria have been cultured 

But a piece of filter paper soaked in alkahno lead acetate which was 
hung daily throughout the year 1929 did not turn brown or black on any 
oooasion There was practically no production of froo hydrogen sulphide in 
the conduit This helps us to decide that H g S in the filtrates from the slow 
sand filters at Kilpauk is all produced during the procogs of actual filtration 

Summary 

(1) The water was found to vary baotenologioally when samples were 
taken on the same day at different plaoes along the raw water conduit 

(2) The artificial lead from the lake affords highly favourable conditions 
for the growth of Polyzoa containing several rotifers, infusors, molluscs, 
diatoms, baotena and worms besides hydrated iron oxide Sulphate-reducing 
baotena, colourless and purple coloured sulphur bacteria, purple ooloured 
sulphurless baotena, iron bacteria were cultured from decayed bits of the 
Polyzoa The inner portions of this animalcule are often black due to iron 
sulphide and an explanation has been offered that it is due to putrefaction and 
sulphate reduction Detached brownish and black pieces have often been 
found ohokmg filter screens placed at inlets to the slow sand filters and on 
the surface of sand, at Kilpauk. 

(3) It is free from ‘free H*S\ 

Chapter HI 

The Quality of Saw Water prtor to alow aandjUtrotxon. 

‘The character of the applied water has also muoh to do with the quality 
of the effluent independent of its bacterial oontent ’ (Tumeaure and Russel, 
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1029) The chief characteristics of the raw water prior to slow sand filtration 
are briefly stated below:— 

(а) Physical. 

There was no bad smell m the raw water pnor to filtration at any 
time during the past twenty-five years As statod already, the colour 
and transparency varied in different seasons Suspended matter varied 
from time to time and was most profuse in the hot weather and south-west 
monsoon season This consisted essentially of polyzoan growths in various 
stages of deoay, detaching themselves from the sides and bottom of the raw 
water conduit These bits were often found to ohoke the soreens at the inlet 
chambers of the slow sand filters with tho result that in course of time the 
soreens were eaten away and holes appeared in them The object of placing 
the soreens at tho inlets to filtor beds was thus frustrated. The soreens were 
mtended to prevent frogs, crabs, fish, eto , from entering the beds They 
damage the filtering skin formed on the surfaoe of the sand filters 

(б) Biological 

(i) Baotenologioal quality Speaking generally, it may be stated that tho 
raw water was of a fair quality almost throughout tho yoar, lactose fermenters 
being absent in volumes of 60 o c to being present in 1 o o , and the average 
total oolomes per o o varying between 600 to 1,600. 

(u) Phyto- and zoo-plankton found in the raw water at the Kilpauk 
end are*— 

Volvooales 

1 Eudorina sp 

2 Phacotus lenticulans, Ehrenb 
Chloroooooales. 

3 Oocystu sp! 

4. Do sp, 

5. Do. sp,. 

6. Do sp A 

7 Do. sp, 

8. Ankxstrodtm.ua spiralis (Turner) Siemmr 

9 Do sp nov 

10 KirchneneUa hmaris (Kirohner) M6b 

11. Do. do. var. nov. 

12 Do. sp. nov. 

13 Dtctyosphamum pvlcMlwn Wood 

14. Dimorphococcus lunatus A. Br. 

16 Psdtastnm clathratum (Schroter) Lemm. 

16. Do duplex var cohacrens Bohlm 
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17 Pediastrum simplex (Meyen) Lemm 

18 Do simplex yar nov 

19 Do simplex var duodenanum (Baxley) Rab 

20 Do sturmi var radians Lemm 

21 Goeiastrum cambncum var intermedium (Bohhn) G S West 

22 Do microporum Naegeli 

23 Do reticulatum (Dangeard) Seim 

24 Scenedesmus perforatus Lemm 

Oedogomales 

26 Oedogonium sp 

Conjugalos 

26 Spirogyra sp 

27 Mougeotia sp 

Desmidioideae. 

28 Clostenum acerosum (Shrank) Ehronb 

29 Euastrum spiniUosum var inermius Norsdt 

30 Do cobulatum var tropicum (W and G 8 West,) 

31 Gosmanum Lundelli var corruptum 

32 Do pseudo-connaium var ellipsoideum (W and G S 

West) 

33 Staurastrum chaetoceras (Schroder) comb nov 

34 Do. gracile Ralfes 

36 Do. pentacerum (Wolle) G M Smith 

36 Botryococcous Braunu (Kfitz) 

37 Do protuberans W and G S West 

Baoillanophyoeae 

38 Melosira granulata (Ehrb ) Ralfs 

39 Synedra ulna (Nitzsch) Ehrb 

40 Amphora Bp. 

41. Rhopalodta sp 

42 Sutreretta robusta var splendida (Ehrenb.) Heurck 
Dmophyoeae: 

43 Pendimum marchicum Lemm 

44. Do. pussillum (Penard) Lemm. 

Engle nineae. 

46 Euglena acus Ehrenb 
46 Trachelomonas sp s 
47. Do. sp* 

48 Do sps 
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Cyanopbyceae 


49 

Microcystis elebens (Katz) 

60 

Do 

jlo8-aquae (Wittr) Kirch n 

61 

Do 

marginata (Monegh) Katz 

62 

Do 

robusta (Clark) Nyggard 

53 

Do 

scnpta (Richter) Geitler 

64 

Aphanocapsa elachista, var nov 

66. 

Aphanothece Bp nov 

56 

Do 

nxdulans P Rioht 

57 

Gleocapsa calcarea Tilden. 

58 

Do 

magma (Breb) Hollerbaoh 

59 

Gleothece distans Stizenb 


60 Chroococcus tenax (Kirch) Hieron 

61 Gomphosphaena apontna (Katz) 

62 Mervsmopedut glauca (Ehronb ) Nag 

63 Do punctata Meyen 

64 Tolypothnx sp 

65. Anabaena sphaenca Born 

66. Do Bp 

67 Spiruhna laxissima G S WoHt 

68 Oscxllatona Ractborshn (Woloez) 

69. Do hmnetica (Lemm) 

70. Do limosa Ag 

71. OsciUatorxa Tanganyxkae G S West 

72 Do sp 

73 Lyngbya sp 

74 Debris 

Zoo-plankton 
Cladooora. 

1 AloneUa karua (King) Dad 

2 Do cambonei 

Copepoda 

3 Mesocyclops senckartx 

Ostraooda. 

4 Strandesxa sp. 

Nematoda: 

5 Actxnolaitnxis tripapxUatus (V Dady). 
6. Dorylaimus carterx Bast 
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Fowler (1923) has stated that ‘the ease of vegetable growths, on the 
other hand, is by no means so simple, the products of polluting organic matter 
are food for lower forms of plant life and so it is possible for a reservoir to be 
praotioally free from pathogenic germs, and yot be green with microflora of 
different sorts This is the problem which has specially to be faced in this 
country (India) where the aotion of sunlight whilo fatal to baotena stimulates 

photosynthesis. ’ ‘It is this biochemical problem which 

those m charge of water purification works have got to handle m some form 
or other ’ 

Chemical —Wanng (1923) noticed intimate relationship between ‘nver- 
stage’ and some of the important ohemical constituents of Ohio nver water 
Tastes and odours were noticed in public water supplies of Ohio State, and 
an attempt was made to find out if there was any correlation between the 
‘river-stage’ and some of the important chemical constituents such as dis¬ 
solved oxygen, absorbed oxygon, ammonia, alkalinity, turbidity, chloride 
and sulphate 

The results of the weekly determmations during 12 months for the above 
constituents on the same plan as adopted by Wanng (I c ) are given in Table I. 

(l) Dissolved Oxygen —Wanng has stated that ‘the decrease of dissolved 
oxygen constituent is the most important single faotor entering into the 
intensity of earthy tastes and odours’, for if no dissolved oxygen was present 
to oxidise readily the oxidisable orgamc matter present m raw water, then 
‘that oxidation must take place at the expense of certain roduomg substances 
resulting in objectionable tastes and odours ’ A study of the results m Table I 
shows that there is a ‘very high’ positive correlation between ‘lake level’, 
and ‘dissolved oxygen’, the ooeffioient being +0 97 In other words, when 
the level of water in the lake went low, the dissolved oxygen also went low, 
and t nee versa And when the level of water fell in the lake the production 
of sulphuretted hydrogen was found to be intense Estimations of dissolved 
oxygen were made by Winkler’s method (1913) 

So m the prefiltration water there is a deoided diminution of oxygen when 
the lake level is low Therefore conditions for sulphate reduction are more 
favourable in the summer months 

Agam, the figures for ‘dissolved oxygen’ bear an intimate inverse relation 
to temperature of raw water, the Pearsons’ coefficient being —0*96 

(ii) Absorbed Oxygen —This test gives us a figure for the amount of oxygen 
absorbed by the organio matter This also shows that there is a ‘very high’ 
inverse correlation between the two, the Pearson’s ooeffioient being —0*86 
The results of a systematic study of the oxidisable organio matter of the 
raw water at the Ealpauk end made by Ganapati and Padmanabha Pillay 
(1936) during the years 1924H934 showed:— 

1 That the oxidisable organio matter had two maxim a in a year, the 
first maximum oooumng in the hot weather period; the seoond maximum 
8 
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was in the south-west monsoon period. For the years 1930, 1931 and 1932, 
the first maximum was slightly higher than the second 

2 That the lowest figure was reached in the north-east monsoon or 
cold weather period, when the lake level was highest 

3 For the eleven year period the highest figure was reached in September, 
1927 (drought year) and the lowest m Deoember 1932 (maximum rainfall) 

4 That a high negative correlation (Pearson’s coefficient) of —0 693 was 
found between organic matter and lake level Regression of orgamo matter 
Y on lake level X is found to be Unear by statistical tests The equation to 
the regression straight line is 

Y = +06427 - 0-0062 X 

(in) Ammomacal Nitrogen —The annual averages varied from 0 001 to 
0-006 parts per 100,000 during 1926-1936 (Ganapati), and according to Thresh 
(1913) indicates vegetable contamination 

(lv) Albuminoid Nitrogen —This test inchoates the ammonia produced 
by the decomposition of the nitrogenous orgamo matter by alkaline per¬ 
manganate The results for 1929 show that there is a ‘very high’ inverse 
correlation between this and the lake level, the Pearson’s coefficient being 
-0-78 

(v) Alkalinity —These figures for 1929 bear a close relation to the plankton 
oontents of raw water according to Whipple (1914) A study of the results 
in Table I shows that there is a ‘very high’ inverse correlation with lake level, 
the Pearson’s coefficient being —0-76 

(vi) Turbidity —This test fairly inchoates ‘the presenoe of particles of 
matter m suspension suoh as olay, silt, finely divided orgamo matter, and 
nuorosoopio organisms’ Estimations of ‘turbidity’ were made according to 
the U S Geological Survey Turbidity rod method (Whipple et al, l c) A 
study of the results (Table I) shows that there is no significant degree of rela¬ 
tionship with the lake level, the Pearson’s correlation coefficient being —0 07 

(vu) Chlorine .—Table I shows that there is a ‘very high' inverse correlation 
with the lake level, the Pearson’s coefficient being -0-92 

(vw) Inorganic sulphate ‘ 80 8 ’ —Table I shows that there is a ‘very high’ 
inverse correlation with the lake level, the coefficient being —0*94 

Further statistics for 1929 (Table I) show that there is a ‘high’ inverse 
correlation between‘dissolved oxygen’ and ‘absorbed oxygen’, the coefficient 
being -0-74 and high direct correlation between 'sulphates’ and ‘absorbed 
oxygen’, the coefficient being +0-80; while there is practically no significant 
degree of relationship between ‘dissolved oxygen’ and ‘turbidity ’ and between 
‘turbidity’ and ‘absorbed oxygen’, the ooeffioients being -0-074 and -0-013 
respectively. 

Summary and Conclusions of Chapter III . 

(i) That there is a close relationship between the lake level on the one 
hand, and dissolved oxygen, absorbed oxygen, albuminoid nitrogen, alkalinity, 
8b 
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ohlonde and sulphate on the other is known by their respective correlation 
coefficients There is practically no relation between the lake level and 
turbidity and between turbidity and absorbed oxygen There is * high' correla¬ 
tion between dissolved oxygen and absorbed oxygen and between sulphate 
and absorbed oxygen 

(u) So in the hot weather and south-west monsoon periods there is 
exoessive orgamo matter Oxygen content diminishes Temperature is 
higher Inorgamo sulphates are fairly high HgS producing baoteria are 
present Alkalinity is high and the stage is set for sulphate reduction with the 
resulting H s S production and the attendant biologioal phenomena in the slow 
sand filters at Kilpauk 

Chapter IV 

Bto-chemtcal changes taking place in the Madras Slow Sand Filters 

This chapter is considered bolow under (A) General, (B) Physical condi¬ 
tions, (C) Chemical conditions, and (D) Biological conditions 


A General 


1 A description of the section of a Slow Sand Filter 

Briefly stated the seotions of the filters beginning at the top are as 


follows — 

Average depth of raw water . 3' 9* 

Pine sand 28* 

Coarse sand . . . 2' 

Broken stone graded 4' 

Briok under-drains • 5" 


(a) Average meohamoal analysis of the fine sand layer is given below 


Passed through 1/16 
Retained on 1/20 
„ 1/30 

„ 1/50 

„ 1/76 

„ 1/100 
Passed through 1/100 


100 % 

21-26% 

31-66% 

39-86% 

6-94% 

1-09% 

0-31% 


(6) The uniformity coefficient of fine sand was 2 36 
(c) Effective size of sand was 0-33 mm 


2. Life of the Slow Sand Filters and Fitter Head. 

(a) The life of a slow sand filter is governed by the amorphous suspended 
matter and plankton in raw water In London ‘the life of a slow sand filter 
varies from a week or even less to 3 months depending upon the season of the 
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year and the condition of water’ (PreBCott, 1935) In Cheltenham, where the 
same system of filtration was adopted for twelve yearo, it was found that the 
life of a filter never exooeded three weeks (Pickering, 1934) At the Madras 
Water Works a filter bed workod for 86 days to 112 days at the very first run, 
but its second and subsequent runs were respectively reduced to about 20 
days (GW FOR, 1930) 



Wajer Works, Madras. 



The life of a slow Band filter is only 2-3 weeks, and is also much less, * e 
9-14 days m the hot weather and south-west monsoon penods, than in the 
other seasons of the year (Ganapati, 1926). The shortening of the life in the 
above penods has to be attnbuted to the excessive amount of orgamo matter 
in solution and in suspension. 

3 Penetration of Silt 

The depth to which silt penetrated into the sand layer is determined as 
follows. 'From each layer, one inch in depth, sufficient sand was taken to 
fill a glass oylinder three inches in diameter to a depth of three inches This 
was vigorously shaken ^ith clean water and allowed to settle for half an hour, 
at the end of whioh penod the depth of sediment over the sand was measured/ 
The results of a typical analysis in a Madras sand filter are as follows:— 







SLOW SAND FILTERS AT THE MADRAS WATER WORKS. 


251 


Depth of layer from 
surface in mohen 
0-1 
1-2 

2- 3 

3- 4 

4- 5 

5 - 6 

6- 7 


Depth of sediment after 
J hour sottlment 
1/2 
3/8 
1/4 
3/16 
3/16 
1/8 
Trace 


‘These figures show clearly that tho colloidal matter penetrated to about 
6' dopth, m a slow sand filter with 28' thickness of sand ’ (Madeley, 1923 ) 
Tho silt was invariably dark brown, which on exposure became less dark 
or brownish 

B Physical Conditions of the Effluent 
(l) Colour and Transparency —During the hot weather and south-west 
monsoon periods the raw water was yellowish and opaque while the filtered 
water was oolourloss and clear oxcept for the presenco of floating whitish 
gelatinous partiolos of sulphur bacteria 

(u) SmeU —The filtered water had a distinct smell of sulphuretted 
hydrogen This was not noticed in the very first run of a slow sand filter for 
two to three months but towards tho end of tho first run the smell was usually 
evident A new bed worked foi a period of 60 days satisfactorily from 11th 
April, 1924, and had to be stopped on 31-5-34 for 4 days owing to the evolution 
of H 2 S Another new bod worked for 47 days and then began to produoe 
HgS In the subsequent runs through the same filter beds the smell appeared 
muoh earlier (Ganapati, 1924) 

The presence of H 2 S gas was confirmed by load paper test Sodium 
mtroprusside did not produce any reaction (Kenwood, 1920) in filtered water 
samples containing H g S when a few drops were added, showing that HgS and 
not Am 2 S was liberated Glass beads soaked in lsatm-sulpbunc acid in a 
tube open at both ends and packed with glass wool did not produce the charac¬ 
teristic reaotion for mercaptans (Lehmann and Neumann) when the tube 
was suspended m the filtered water ohamber That HjS and not AnigS or 
mercaptans was produoed in the slow sand filter effluents was established HgS 
is notioed also in the slow sand filters of Adorn, Salem and Baroda, and this 
has been stated to be worse there during the summer months 

Appreciable quantities of H 2 S have been found near the bottom of lakes 
Mofford, Girote, Weissowo, Ritom, Hallurbe, and Hemmelsdorfer (Bavendamm, 
l c.) In all those plaoes, the production of HgS was attributed to sulphate 
reduction. 

The presenoe of HgS in the bottom layers of lakes Singetu and Hiruga, 
Japan, has been noted and its origin traoed again to sulphate reduction by 
Yoehimura (1932). 
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Again, Ruttner (1932) has found H*S in the hypokmnion of lakes in the 
East Indies, and ascribed its presence entirely to the aotivity of the sulphate- 
reduoing baotena 

The odour of HjS is often perceptible at the straining shaft of the Labugama 
lake in Ceylon (Hirst, 1921) 

In Madras HjS is noticed during the hot weather and south-west monsoon 
periods in the sewage-polluted Cooum river and Buckingham Canal 

At Mettur, the third biggest artificial reservoir of the world, H 2 S is evolved 
as the water escapes through the sluice gates 

In all the places mentioned above the formation of the gas is ascribed to 
biologioal action Throsh et al (1933) have statod that ‘ in some cases hydrogen 
sulphide may be due to a purely chemical reaction but in many the more 
probable explanation is the decomposition of sulphates or of albuminous 
matter by low forms of vegetable life \ 

In all the oasos enumerated above (which is almost an exhaustive list) 
sulphuretted hydrogen is produood under natural conditions and was studiod 
with reference to the presence of colourless and red sulphur baotena The 
lakes of the temperate region referred to previously wore not drawn on for 
domestio consumption and filtration with the aid of slow sand filters was not 
attempted so far as is known 

In the tropics, however, in places which are not fed by rivers, water 
fit for human consumption is denvod from artificial or natural lakes, eg 
Salem, Adorn and Madras The attempt to purify such waters by a system 
of slow sand filtration has the undesirable result of presenting in the filtered 
water an objootionable gas transmitted for human conception which was not 
found in the prefiltered water or at the source What would have been the 
result if the water from temperate lakes were so treated where the sulphate- 
reducing baotena have been found must remain a matter for speculation All 
the necessary conditions for this trouble are there and the only varying factor 
is temperature. 

Measures to get nd of this smell at Madras by pretreating the raw water for 
one year m 1929 with a dose of chlorine varying from 1 to 3 parts per million 
on the advice of Major Morrison (1920) were not successful (Ganapati, 1930) 
(m) Temperature —The temperature was noted for the influent and effluent 
of a slow sand filter This is shown m Table II There is no appreciable 
difference between the two This is also confirmed by the temperatures of the 
effluents oollectod from taps situated at different levels in a slow sand filter 

0. Chemical Conditions. 

The chemical changes whioh take place in the process of slow sand filtration 
of Red Hills Lake water have been studied by me and the Committees (G 0. 
Nos. 1576,546,1934,1550,709,932,1419) appointed by the Madras Government 
from time to time The latter committees confined themselves to testing the 
effluent exclusively for its hygienic quality. 
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It is now proposed to disouss the chemical ohanges taking place in typical 
runs of filters under the following heads:— 

I. Dissolved, Oases 

(a) Dissolved oxygen 

(b) Free carbomo acid 

(c) Sulphuretted hydrogen 

II Hydrogen xon concentration (pH) 

III Estimation of electrolytes 

(a) Carbonates and bioarbonates 

( b ) Sulphates 

(c) Chlorides 

(d) Total Hardness 

(e) Iron (Ferrous) 

IV Estimation of organic substances and their decomposition products 

(а) Oxygen absorbed 

(б) Ammonia cal nitrogen 

(c) Albuminoid „ 

(d) Nitrous ,, 

(e) Nitric „ 

V Discussion of results 

(а) Effect of slow sand filtration on dissolved gases 

(б) Effect of slow sand filtration on organic matter (oxygen absorbed 

and ammomacal N) 

(c) Effeot of slow sand filtration on sulphates 

( d ) Effeot of slow sand filtration on chlorides 

(e) Effect of slow sand filtration on total hardness. 

(f) Effeot of slow sand filtration on ferrous iron 

(g) Effect of slow sand filtration on oxidised nitrogen 

I (a) Dissolved Oxygen 

Dissolved oxygen was estimated by tho Bideal and Stewart’s modi¬ 
fication (1901) of the Winkler method Table III contains the results 
in two runs of an experimental slow sand filter containing three feet depth of 
fine sand. Four taps were located one below the other at different depths 
in the body of the filter Samples were collected on the first, third, eighth, 
tenth and nineteenth day in the first run, and on the seoond, fourth, eighth, 
and eleventh day in the seoond run 

Vertical changes --In the first run, on the first day, dissolved oxygen was 
present in all the taps but there was a gradual fall from raw water to the 
final effluent. On the third day, the fall was more rapid from tap to tap 
than on the former oooasion, and there was practioally no oxygen in the last 
two taps Conditions were aimilar on the eighth day; and the fall was also 
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greater On the tenth day, it was practically nil in the last three taps, 
the deorease from raw water to the final effluent reaching the maximum 
On the 19th day, the situation was the same as on the 9th day except for a 
slight increase in the effluent from the first tap. 

Seasonal variations —The effluent from the first tap showed a day to day 
decrease It was 2 86 o o on the 1st, 1 69 o c per/1 on the 3rd and 1 85 o c 
per/1 on the 8th day, and 0*33 o.o /I on the 10th and 0*87 o o /I on the 19th 
day The dissolved oxygen was much less m the second tap and the fall from 
day to day was fairly great In the third and fourth taps a minimum amount 
detectable by the Winkler’s test or ml was found on the different days 

These results are confirmed in the seoond run. It is inferred therefore 
that the depletion of dissolved oxygen starts from the bottom of the filter and 
extends upwards, in about ten days anaerobio conditions appear to be formed 
m the entire body of the filter. 

I ( h) Free Carbonic And 

Table III (a) contains the results of free oarbomo aoid examined at 
different depths m two typical runs of the experimental slow Band filter already 
referred to 

Vertical changes —Free oarbomo aoid was not present at any time m the 
raw water, but it was present m the effluents drawn at all depths It gradually 
increased from the first to the last tap, the maximum and minimum being 
found in the last and the first taps respectively There was no significant 
difference from tap to tap 

Seasonal changes —Though it was present on all the days in the first tap, 
the increase from day to day was not regular The results from the second 
run confirm the above findings 
I (c) Free Sulphuretted hydrogen. 

This gas was also produced The variations m the quantity of this gas 
from day to day are given m the Table below for a typical run 


Table showing the quantity of H^S produced tn the final effluent 
during one run of Bed I 


Date of starting. 

Date of 
estimation 

HjS mg f L 

l July, 1929 

Started the filter. 



July 16 

0-6 


, w 19 

1-0 


„ 22 

1*3 


„ 25 

1-5 


„ 28 

2-0 


„ 31 

2-6 


August 3 

3-2 


Stopped on August 5,1929. 


Remarks. 
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A gradual increase is noticed in the course of 19 days from 0*6 to 3*2 mg /I 
The Government Committee found m their experimental slow sand filter as 
muoh as 8*7 mg /I being the average of mne readings in October, 1929 The 
maximum recorded by them was 10 mg /l, and it was continuously present 
m increasing quantities (G O 932 P H , 12th Apnl, 1930) 

II Hydrogen ton concentration {pH) 

In Table IV the pH values for raw and filtered water for the control slow 
sand filter for one typical long run is given It will be seen that while the pH 
value for prefiltration water varied from 8 2 to 8 4, that for the effluent 
decreased from 7*4 to 7*1 

III Estimation of Electrolytes 

(а) Carbonates and Bicarbonates 

The typical changes taking place in the above substances is shown 
m Table V Carbonates were present m raw water but not in the effluents 
from the different taps This is due to the prosence of free carbonic acid which 
converts the carbonates into bioarbonates 

Vertical changes —The bicarbonates were higher in all the taps and on all 
days than the corresponding values for raw water The maximum difference 
was notioed between the raw water value and the first tap value, while the 
differences between successive taps were considerably less The differences 
between the second and third taps and between the third and fourth taps were 
not regular 

Seasonal changes —The bicarbonate content in the first and second taps 
was not found to vary from day to day but was nearly oonstant, while in the 
third and fourth taps a diBtinot increase was noticed after 4 to 8 days 

The moreaso in the first tap over raw water in its content of bioarbonate 
has to be attributed to the bioohemical changes taking place on and below the 
filtering skin 

(б) Sulphates (Table VT). 

Estimations were made of the sulphate content of raw water and filtered 
water. From the latter, H*S was removed by boding after acidifying with 
HC1 The results shown m Table VI indicate a loss m sulphate in the process 
of filtration, and the average loss in sulphate was 2 3 mg /I as SOg which 
corresponds to about 1*0 mg of HjS per litre But the output of the gas 
(HjS) is far in exoess of what the loss (t e , the difference m the sulphate content 
of raw and filtered water) warrants The results shown m Table VII also 
confirm this The extra amo unt of hydrogen sulphide has to be explained 
(see pp. 260-261) 

(e) Chlorides. 

A perusal of the results in Table IV will show that there was no change 
during the prooess of filtration and so chlorides do not appear to have any 
biological significance. 
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(d) Total Hardness 

There wan no change m the total hardness as a result of slow sand filtration 
(vtde Table IV) 

(e) Iron ( Ferrous ) 

Ferrous iron was absent in raw water, but was found m filtered water 
(Table IV) 

IV Estimation of organic substances and their decomposition products 

(а) Oxygen absorbed 

Oxygen absorbed both by oxidisable organic matter and the inorgamo 
matter (H 2 S and ferrous iron) was estimated in the offluonts from taps looated 
at different depths of the small experimental slow sand filter (Tables VIII 
and IX) The vertical and day to day changes for the experimental sand 
filter are considered first 

Vertical changes —With the increase in depth, the figures for oxygen 
absorbed (both for the 4 hours and 6 minutes test) increases Maximum figures 
are obtained in the final effluent 

Day to day changes —Generally speaking, the results for both the tests 
show a definite increase 

From Tables VIII and IX, it will be seen that the figures for oxygen 
absorbed were loss than those of raw water until the appearanoe of HsS and 
later on they increased 

Seasonal changes —The seasonal changes for two years are shown in 
Table X Exoopting January, February, November and December, the values 
for the offluent were always higher tlian the corresponding raw water values 
Maximum figures of 0*336 and 0*369 parts per 100,000 were obtained m 
September (south-west monsoon period) 1928 and 1929 respectively. 

(б) Ammomacal N (Table XI) 

From Table XI for one typical bed, it will be seen that this figure showed 
a gradual increase from day to day and was always greater than the raw 
water figure This is never the case in all the sand filter effluents of the 
Metropolitan Water Board, London 

It will also be seen that the figures for the effluent were equal to or very 
slightly greater than the corresponding raw water values in the north-east 
monsoon period (November and December) and m the cold weather period 
(January and February), while m the other months they were definitely higher 
than the raw water values In 1928 and 1929 the maximum figures were 
obtained in September (south-west monsoon period) 

(c) Albuminoid N (Table XII) 

While the former values were almost always higher than those of raw water, 
the albuminoid ammonia figures were always lees than the raw water values. 
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(d) and (e) Nitrous N and Nitric N were both absent m the influent and 
effluent from all the slow sand filters ( vtde Table IV) 

V (a) Effect of slow sand filtration on dissolved gases 

Whipple et al (1929) have stated that ‘when water containing a great deal 
of orgamo matter or plankton is filtered through slow sand filters oxidation 
of the decomposing organic matter may exhaust the supply of dissolved oxygen’ 
Noll (1929) found that the dissolved oxygon content of water changed m 
passing through sand filters and stated that oxygen might have been used up 
oither by baotena or by chemical reaction m tho filters Ragbavachan and 
Ganapati (1929) have found that m the Madras slow sand filters ‘there waB a 
consistent and progressive reduction in tho oxygen content fiom day to day 
and that when sulphuretted hydrogen appeared m tho filtrate, tho dissolved 
oxygen figure showed further progrossing reduction and finally reached zero 
as tho hydrogen sulphide increased considerably ’ The results obtained in 
the present oase are in agreement with those of Whipplo (l c ) andNoll (l c ) The 
depletion of‘dissolved oxygen’ may therefore bo due to bacterial decomposi¬ 
tion of orgamo matter creating anaorobic conditions inside tho filter 

V (6) Effect of slow sand filtration on organic matter {oxygen absorbed and 
ammoniacal N) 

This conclusion is further supported by the increased figures in ‘free 
ammonia’ and the low figures for ‘albuminoid nitrogen’ and the presence of 
sulphuretted hydrogen m the filtered water Ammonia and hydrogen sulphide 
might havo resulted from the decomposition of sulphur-bearing proteins 
contained in the bodies of planktons, Infusoria, algao, Crustacea, Bryozoa, etc , 
brought m by raw water and deposited in tho filter sand The three gases 
hydrogen sulphide, oarbon dioxide and ammonia are characteristic products of 
such a process (Lafar, 1910 ; Singer, 1930) The decrease in pH of filtered water 
may be due to the presence of hydrogen sulphide and carbon dioxide 

The results of free carbon dioxide, pH ‘fixod solids’, ‘ignitiblo matter’, 
'ammonias’ and ‘absorbed oxygen’ are shown in Table XIII A study 
of the results shows (l) that hydrogen Bulphide was noticed on tho fourth 
day of the starting of the filter, (u) increased figures for ‘ammoniacal nitrogen ’, 
and 'absorbed oxygen’, and (ui) decreased figures for ‘albuminoid nitrogen’ 
were noticed in the filtrates Further, while there was no free carbon dioxide 
in the raw water, the filtered water samples showed a distinot increase 
There was an average loss of 1-66 parts per 100,000 of‘lgmtible matter’ in the 
prooesa of filtration. (This result is probably high as errors may arise 
[Notter and Firth, 1921] in the form of loss of water of crystallisation from 
oaloium sulphate and from decomposition of carbonates ) 

From Tables TV and XIII it will be evident that decomposition of organio 
matter is taking place in the filter resulting in the production of‘free ammonia* 
and oarbon dioxide. Hydrogen sulphide is also produoed at the same time 
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and it has to be examined whether this gas is the direct result of decomposition 
of orgamo matter as ‘ free ammonia ’ and oarbon dioxide or by any other prooeBS, 
or both (Thresh et al, 1933, Harder, 1919) The high figures m the two 
oases of‘free ammonia’ and ‘absorbed oxygen’ may be due to the influence 
of hydrogen sulphide, for, m the determination with Nessler solution of ‘free 
ammonia’, the intensity of colour is increased by the presence of this gas 
Due allowance was not made for this The figures for absorbed oxygen are 
also similarly exaggerated For Thresh et al (1933) have observed that 
‘morgamo substances like the lower oxides of iron, mtntes and hydrogen 
sulphido are capable of absorbing oxygen from potassium permanganate’ 
(used in Tidy’s 4 hours' test) and therefore have suggested m such cases a 
method of estimating the amount of oxygen taken up by these substanoos 

Table XIV contains the results of analysis for ‘ammonias’ and ‘absorbed 
oxygen ’ in Bed I Error arising from the presence of sulphuretted hydrogen 
in the filtered water in each case was also determined, the former by the method 
described by Desgrez, Lescoener and Manjean (1920) and the latter according 
to Thresh’s method (1933) From the results, the following observations appear 
justifiable*— 

(l) There was a distmot increase of ‘free ammonia’ in the filtered 
water 

(u) An appreciable amount of‘free ammonia ’ was still found in samplos 

of filtered water from whioh hydrogen sulphide was removed 
(in) There was a distinct decrease in the figures for ‘ albuminoid nitrogen ’ 

(iv) The figures for ‘total oxygen absorbed’ (by orgamo matter and 
hydrogen sulphide) were higher than the corresponding figures for 
raw water 

(v) But the figures for ‘oxygen absorbed’ by hydrogen sulphide alone 

showed a gradual increase 

(vi) The figures for ‘ oxygen absorbed ’ by organic matter alone (difference 
of figures in columns 13 and 14) were lower than the corresponding 
figures for raw water 

From the foregoing it may be concluded that there is an appreciable 
quantity of * free ammonia ’ corrected for hydrogen sulphide m the filtrates 
and that ‘ oxygen absorbed ’ by orgamo matter is much less m the filtrates 

Statistical correlations 

The figures for the first run in Table XTV show that there is ‘high’ and 
direct correlation between ‘ammoniacal nitrogen’ (not corrected for hydrogen 
sulphide) on the one hand and ‘total oxygen absorbed ’ and ‘oxygen absorbed’ 
by sulphuretted hydrogen on the other hand, the coefficients being +0 80 and 
+0*90 respectively There is also a very high and direct correlation between 
‘total oxygen absorbed’ and ‘oxygen absorbed’ by hydrogen sulphide, the 
ooeffioient being +0 97 and between organic matter lost in the prooess of 
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filtration (being the difference in figures between ‘oxygen absorbed’ by orgamo 
matter alone m raw and filtered water) on the one hand and hydrogen sulphide 
and ‘ammomaoal nitrogen’ (corrected for hydrogen sulphide) on the other, 
the coefficients being +0 60 and +0 44 respectively Therefore, it is estab¬ 
lished that a dose relationship exists between orgamo matter lost in filtration 
and hydrogen sulphide and ‘free ammonia’ notice! m the filtrates. 

V (c) Effect of alow sand filtration on the sulphates 

Is the production of hydrogen sulphide of organic or inorganic origin or both t 
The next point to consider is about tho origin of H*S It has already 
been shown in the Table on p 254 that (i) a gradual increase in H 2 S is noticed 
as a filter goes on working and that in the course of one week the gas was found 
to increase from 0*6 to 3 2 mg per htro, (u) a loss in sulphate content occurs 
in the prooess of filtration whioh corresponded to 0-8 mg per litre, and (in) 
the output of HgS was far in excess of what the loss (» e the difference in the 
sulphate content of raw and filtered wator) warrants The extra amount of 
HjjS has to be explained and only two other sources naturally suggost them¬ 
selves One of them is the sulphur-bearing protein m orgamo matter of raw 
water. 

Estimation of sulphur-bearing proteins 

The total sulphates were estimated as described below 1 2 and the inorganio 
sulphate as stated in Scott’s The difference between the ‘total sulphates’ 
and ‘inorganio sulphate ’ gives the figure for sulphur existing in other forms of 
combination (sulphur-bearing proteins). The results are shown in Table XV. 
A study of the results shows that there is not an appreciable difference in the 
two cases in raw water samples. Within the limits of experimental error 
they appear to be the same, and as such it is quite probable that there is no 
appreciable amount of sulphur-bearing proteins, which could be estimated in 
samples of one litre This conclusion is supported by Peterson, Fred and 
Domogalla’a (1925) study of the Wisconsin lakes for the presence of ammo-acids 
such as tryptophane, cystine, histidine and tyrosine 

Cystine ®, the sulphur containing ammo-acid, varied from 1 5 to 7*6 mg. 
per oubio metre in the different lakes and m one lake the surfaoe sample 

1 One litre of water was evaporated to dryneaa over a water-bath and the residue was 
treated with fuming HNO, and transferred to a flask fitted with a reflex oondenser The 
flask was heated over a water-bath for three hours. Then the oontents of the flask were 
transferred to a porcelain dish and HNO, was driven off by evaporating twice nearly to 
dryness on the water-bath after adding HC1, the sulphate was then estimated aa m the 
ease of inorganio sulphate (Scott). 

* Cystine is the sulphur containing ammo-acid from which the putrefactive bacteria 
produos H,B (Wilson) probably in the following manner The decomposition of Cystine 
leads through thwglyoolio or thiolaotio acids to mercaptana which are further changed 

into H.S. _ 

CH,v 

2 CH,. SH —► ^ >+H a S 



260 


S V GANAPAT1. CHEMISTRY AND BIOLOGY OP THE 


oontamed much less than the bottom sample The Bed Hills Lake water drawn 
as it is from near the surface does not contain appreciable quantities of sulphur 
bearing proteins In comparison with morganio sulphate, orgamo sulphur is 
insignificant, and as such this souroe of sulphur at the filter may be considered 
negligible The only other source is sulphate from sand 

The contribution of sand in filter beds to the amount of sulphate available for 
reduction and its rdle in the evolution of H?8 
Table XVI shows the result of analysis for iron and sulphate of different 
samples of sand ( 1 ) fresh river sand, (n) used and washod sand (from Filter 
No 1), and (in) used but not washed black sand (from the same filter) The 
sand usod in the filter and unwashed oontaina more iron and sulphate than 
the sand used in a filter but washed (In practice the same sand is washed 
and used m the filter every time a filter goes out of aotion ) Iron in frosh 
nver sand (the sand used in the filter was also obtained from the same plaoo) 
was very much tho same as the used and washed sand Therefore it appears 
that sand as it is being usod m filters gathers to itself more and more of iron 
and sulphate The process of such accretion is explained 

It has been said that tho soil beneath the lake is latorite in origin and 
rich m iron Iron m the form of brown feme hydroxide is brought from the 
lake and deposited in sand, especially in summer months 

H 2 S produced by sulphate reduction gooB to form iron sulphide which 
later whon exposed to the sun and air for purposes of cleamng becomes its 
sulphate (Van Hise) Thus the amount of sulphate in sand is augmented and 
is never diminished 

The sand in the beds has been used for several years and the original 
sulphate if any must have gone the way of other inorganic sulphates, and what 
is now found m the sand is probably the newly formed sulphate deriving tho 
sulphur for its formation from HjS obtained chiefly by sulphate reduction 
The two Tables XV and XVI dearly show (1) that HjS from sulphur 
containing proteins is negligible when compared to sulphur from morganio 
sulphates, (2) that the sand m the beds, after it has been long in use, does not 
of itself oontnbute sulphur 

There still remains the problem from where the Hj8 comes, m excess of 
what the loss in sulphate as a result of reduction warrants us to expeot. 

What is the agency that controls the increased output of H$ f 
The controlling agent m all probability is carbon dioxide 
Decomposition of protein matter liberates chiefly CO f and free ammonia 
and also some H*S The prooess of decomposition is most vigorous in the 
months when oonoentration of organic matter is the greatest and 
the temperature is most favourable. 

The sulphide of irdn however formed, but observed in large quantities in 
sand used in filters, is acted upon by CO* and water (Lipman, 1921). When 
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sufficient oarbon dioxide is formed alkaline conditions may change into acid 
conditions at somo stage inside the filter Under such conditions the sulphide 
of iron which is only slightly ionised under alkaline conditions would be con¬ 
verted into H a S, while the sulphides of Ca and Mg aro easily aoted upon by 
C0 a and water resulting in HgS according to the following equation — 

MS+CO a +H a O—► HjS+MCOa where M stands for Fo, Ca and Mg 
(Harder, l c ) 

Einsele (1036) has stated that m lakes ‘Sicher ist dabei bis jetzt nur das 
cine da/J dio Reaktion 

FeS+HeCOj-► FoHCOs+HgS under alien Umstanden sehr langsam vor 

sioh geht ’ 

It has been notioed in Table XIV that an increased output of H a S is always 
accompanied by an increased production of ‘freo ammonia’ There can bo 
no direot correlation between H a S and ‘free ammoniabut the apparent 
relation as revealed in that table only shows that the increased amount of 
‘free ammonia’ is aooompamed by increased quantities of CO a resulting m 
a corresponding increase of H a S 

In the winter months the output of H a S is very much less The process 
of sulphate reduction takes plaoe even in those months as evidenced by the 
formation of black iron sulphide m sand but HjS is not noticed in the filtrates 
in the same large quantities as in summer Tins is due (1) to the email Beale 
of decomposition of protein matter as a result of dilution of organic oontent 
in the lake, and (2) to H a S bomg taken up by iron in sand to form black iron 
sulphide 

It will be seen therefore that sand acts only as a storehouse for the sulphide 
and CO a as the regulator of the output of H 8 S in slow sand filters In other 
words, more CO a production means more production So the increased 
output of H a S is thus explained 

Agency responsible for H^S formation 

The chief source of Bulphur appears to be morganio sulphate in raw water 
It is, therefore, suggested that ‘Sulphate Reducers’ are the active agencies 
responsible for the reduotion of sulphate to HaS m sand filters, while the 
putrefaotive bacteria play but a secondary rdle m the production of this 
substance from sulphur-bearing proteins Beijennck’s Spirillum deaulfuncans, 
the sulphate-reducing organism, has been isolated from the lake water, oonduit 
and the sand filters by me (Dey and Ganapati, l c ) and it has been proved 
that the biological reduotion of sulphate is the major process responsible for 
the production of HgS in the sand filters. 

V (d), (e) Effect of slow sand filtration on chlorides and total hardness (Table IV) 

No change is seen in the above as a result of slow sand filtration. 
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V (f) Effect of alow sand filtration on ferrous iron (Table IV) 

The iron content increases in the filtered water and this has to be attributed 
to the excossive amount of free carbonic acid formed inside Carbonic acid 
converts iron compounds into soluble ferrous carbonate and carries them 
away m solution. 

V (g) Effect of alow aand filtration on oxidised nitrogen (nitrites and nitrates) 

Whipple et al (1927) have stated that as a result of oxidation the effluent 
of slow sand filters usually contains a large amount of nitrates Raju (1926-26) 
has stated that according to some people the efficiency of filtration ‘in the case 
of slow sand filters is at least partly due to the activity of the nitrifying 
organisms establishing themselves on the sand surface*, and ho tried to find 
out how far the above statement was true in the case of Bengal filters He 
found that ‘to all appearance the surface of slow sand filters appears to be an 
ideal place for the vigorous development of the nitrifying organisms but the 
results obtained in the oourse of this investigation do not at all pomt to any 
suoh aotion* The results obtained at Madras seem to confirm Raju’s findings, 
for at no time have nitrites or nitrates been detected m the effluent from slow 
sand filters More of this under ‘ nitrifying organisms ’ has been given 


Summary and Conclusions 

I Dissolved gases 

(a) Dissolved oxygen is reduced almost completely 

(b) Free carbonic aoid is increased 

(c) Sulphuretted hydrogen is increased gradually. 

II Hydrogen ton concentration (pH) 

pH is lowered and reaches round about the neutral point. 

III Electrolytes . 

(a) Carbonates are absent and bioarbonates show a definite increase. 

(b) Sulphates are reduced to an appreciable extent due to biologioal 
aotion of Beijennck*8 Spirillum desulfuncans 

(c) Chlorides are unaffeoted 

(d) No change m total hardness. 

(e) There is a definite morease m ferrous iron in the south-west monsoon 
period. 

IV Organic substances and their decomposition products. 

(1) In one litre of raw water, sulphur-bearing proteins are negligible. 

(2) Oxidiaable organic matter figures are always higher than the corre¬ 
sponding raw water figures when H>S and ferrous iron are present. But if due 
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allowance is mado for tho latter, then the absorbed oxygen figures are con¬ 
siderably lower than those for raw water. A maximum reduction of about 
00% is noticed 

(3) Ammonia cal nitrogen figures also show similar high figures like (2) 
and the presence of H 8 S is responsible to a large extent for this increase 
Estimations made after removing HgS also give higher figures than those for 
raw water 

(4) Albuminoid nitrogen always shows a reduction over raw water, the 
average reduction being about 50% in the hot weather and south-west monsoon 
periods 

V How the filter sand acts only as a storehouse for the sulphides, 
oarbomo acid most probably regulates tho output of free hydrogen sulphide 
m the filtered water, and how the various other changes mentioned in I to IV 
are brought about in a slow sand filter have been explained 

D Biological Conditions 

Tho Madras slow sand filters are able to remove the vuublo suspended 
matter oausing turbidity but are unable to retain all tho bacteria in the crude 
water In Germany sand filters are said to remove about 99% of the total 
number of bacteria present in raw water (Rideal and Ruloal, 1914), and again 
at Albany and Washington, 99 6% (Turneaure and Russel, 1929) 

The bacterial efficiency of the Madras slow sand filters is considered below 
under the following heads — 

A Tests omployed for determining bacterial efficiency 
B A consideration of the bacteriological results of the sand filters 
(l) run under ideal large soale working conditions by the 
Corporation and (n) run under ideal conditions on a small scale 
by the Government Water Filtration Committee at Kilpauk 
separately and using one of tbe Corporation filters. 

C Speoial investigations. 

D Discussion of results 

A Tests employed for determining bacterial efficiency of a purification plant 

Two tests are usually employed for determining the baotenal efficiency of 
a purification process They are' (i) tho total colonies count per o o on nutrient 
agar or gelatin and (u) B Coli content As for the first test, the estimation 
of the total colonies oount of tho water before and after filtration is generally 
employed for assessing the degree of baotenal purification effected m the course 
of filtration. Raju (1920-27) abandons this as he thinks it is subject to con¬ 
siderable experimental errors and is m favour of B. Coli estimation with 
Maooonkey’s bile-salt-neutral-red-laotose broth using varying quantities of 
9 
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water. He oonoludes from the dry weather results of slow Band filters of 
Hooghly-Chinsurah water works that filtrates should conform to a min i m u m 
standard of no lactose fermenters m 10 o c of water (Raju, l e ) He has 
employed this test for assessing the bacterial efficiency of Bengal sand filters 
Whereas in Europe (Rideal and Rideal, 1914) and Amorica (Turneaure and 
Russel, 1929) prominenoe is given to both the tests and according to the first 
test 99 6 per cent of the total bacteria are to be retained by the sand filters 
Raju (l c ) states that for European oountnos filtered waters should not contain 
B Goh in 50 c o of wator and that the total oount per o o should not exceed 
100 B Colt per cent positive mlco (being less than 1%) is used as an index 
Sir A C Houston considered results with 100 c o of samples most satisfactory 
A P H A standard (1933, p 146) has recommended only B Colt test * The 
omission of plate counts from the standard is not to be construed, however, 
as denying or minimising their importance in routine examination made m 
connection with tho oontrol of purification processes ’ 

Considerable data have been collected during tho past 26 years regarding 
the baotenal efficiency of the Madras slow sand filters Tho previous investiga¬ 
tions have yielded considerable interesting information on which the presont 
paper has been partly based 

B (l) The bacterial efficiency of a slow sand filter worked under ideal conditions 
(G O No 1934, L & M , 1st Sept, 1923) 

(Bed I, one of the Madras Corporation Filters, was worked under ‘ideal’ 
conditions by tho Government Water Filtration Committee ) 

The Committee stated ‘ Before definitely condemning this mothod for the 
Madras Wator Supply it was considered advisable, therefore, to obtain one 
of the filter beds for the purpose of testing its capacities under ideal conditions 
This bed (Bed No I) was overhauled, disinfeoted, and relaid and has been 
worked under the most carefully controlled conditions The results obtained 
aro of the utmost importance The bed oommenoed work on 14th January 
1923 and ran with satisfactory results until 16th March 1923 ’ 

Tho bacteriological results (p 26, G O No 1934, L. & M , 1st Sept, 1923) 
of this experiment are summarised m the table below 

Bactenoiogieal results of Filter Bed No I run under ideally controlled conditions by the 
Qoot. Water Filtration Committee in 1928 (vide p. 20, Gf O. No 1934, 

L. <b M., let September, 1923). 
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From the above table the per oent reduotion of total colonies count 
per c o works to 47*9% and the ‘satisfactory’ results (±90 o o ) were shown in 
61-1% of the samples collected The time that was taken to give the first 
‘satisfactory’ effluent was 15 days (29-1-23) 

In the next table the performance of the sand filter as worked ordinarily 
during (1914-1923) is compared with that of Bed I run under ideally controlled 
conditions 



Per cent reduction 

Most ‘ satisfactory ’ 

Least ‘ satisfactory * 

Penod 

of total oolomes 

results 

results 


oount per c c 

(±60 c o.) 

(loo.). 

1917 to 1923 

69 7 

19 6 

93 

14 1-23 to 18 3 23 

47 9 

61 1 

55 


The bacteriological results of Bed I have been considered ‘satisfactory’ 
when only 47*9% of the total oounts were removed and when 0H% of the 
samples alone were ‘satisfactory’ according to the Committee’s standard The 
results do not at all approach those obtained by the European and American 
slow sand filters Elimination of the total baotoria to the extent of 99 9% 
have been obtained in Europe and America If this is the best that is possible 
baoteriologicaUy under ‘ideal ’ conditions, slow sand filtration at Madras should 
be considered a failure More is to follow In the words of the Committee 
‘This experiment is of the utmost importance, for it proves that simple slow 
sand filtration (from vertical inches per hour) with the Madras water oannot 
be carriod on without the formation of HgS no matter how carefully the prooess 
of filtration is controlled It is possible that the production of HjjS can be 
correlated with a definite range of temperature This, however, is more of 
soientifio than of practical interest The formation of this disagreeable gas is 
sufficient to condemn the prooess of purification which is responsible for its 
production All the available evidence so far produced shows that slow sand 
filtration by itself is not able to produoe a potable water Some other means 
of purification must therefore be sought ’ (p 5,0 0 No. 1934, L & M , dated 
1st Sept., 1923) Further comment would appear needless regarding the 
bacterial efficiency of Madras sand filters 

(ii) Seasonal Vernations *» Bacteriological Results. 

The Committee experimented with a small filter of 7,200 gallons daily 
filtering capacity designed on the lines of the Madras filters but with the 
following important differences. The depth of fine sand m this filter was 
kept constant at 30' and the depth of water was also kept oonstant at 3 ft. 

The bactenologioal results of this filter for the different seasons for a 
period of two years are shown in the table below. 
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Per cent reduction of Total counts per o c (calculated from GO No 1650 P H, 2nd 
August, 1928 , 0 0 No 709 P H , 15tA March, 1929 , and GO No 932 PH, 

12 th March, 1930) 



Cold Weather | 

Hot Weather 1 

S W Monsoon | 

N E Monsoon 

Year 

R W 

SSF 

Per 

cent 

reduet 

R W 

SSF 

Por 

cent 

reduct 

R W 

SSF 

Per 

cent 

reduet 

R W 

SSF 

1927 

(two months) 






1 




3,240 

073 

1928 

2,263 

*127 

85 5 

2,888 

521 

81 9 

2,461 

629 

74 4 

3,925 

748 

1929 

2,550 

393 

84 0 

2,027 

242 

90 7 

1,694 

559 

84 8 

3,696 

287 

Average 



85 0 



86 3 



79 0 




From the above table it will bo seen that (l) there is not much difference 
in the per cent reduction of the total baoterial count from season to season, the 
difference betwoen tho maximum and minimum being only about 6%, (u) the 
maximum per cent reduction was in the hot weather (86 3%) and the minimum 
in the south-west monsoon period, (in) tho per cent reduction obtained in 
this experimental filter is far greater than that obtained ordinarily in the 
Madras filters , (iv) these results do not approach the European and American 
standard of efficiency even under the boat conditions on an experimental scale 
Raju (l c ) found from his study of the hIow sand filters m the Hooghly- 
Chinsurah Water Works that diy weather samples (September to April) reached 
a much higher degree of purity (82%) than those exammed in monsoon months 
(June, July and August) (The division of weathor condition in Bengal 
appears to be different from those adopted by tho AD-India Meteorological 
Department) 

0 Special Investigations 

(a) Experiments on artificial filming by alum. 

One of the troubles with slow sand filters m the tropics is that when the 
water is comparatively clear aB a result of long storage or only contains colloidal 
orgamo matter m fine suspension it takes a long time to form a filter skin and 
the filters settle down to long runs without the filter head increasing to more 
than 2" or 3'. In such oases the sand filters give poor bactenologioal results 
probably due to orgamo matter in solution or in ooUoidal form penetrating 
into the lower layers of the filter BusweU (1928) has stated that ‘where 
this typo of filter is still in use alum is now generally employed instead of 
depending on the naturaUy formed film In the case of the Madras slow sand 
filters, one of the Govt Committees (1917) stated that the poor bacteriological 
results were probably due to the inefficient formation of the filtering skin 
on the surfaoe of sand, and this was made apparent by the filter head remaining 
oonstant at 2' or 3* for months So to quicken the formation of the slimy 





SLOW SAND FILTERS AT THE MADRAS WATER WORKS 


267 


layer, alum was added to the raw water Water was let m and alum solution 
added before starting the filter Alum was added at the commencement and 
some more alum after 7 or 10 days only where necessary, that is to say, a second 
treatment was resorted to only when the formation of the skin was not 
sufficiently aided by the first treatment 

Filter Beds 1, 4, 6 and 9 were treated in the manner described above 
and the results of the bacteriological examination and other connected data 
are given m the table below 


Period of runs 

No of 
runs 

No of 
samples 

Bed 

No 

IX 

I 

IV 

VI 

Haw water 

Filtered water Lactose 
formenters in 

Average 
total oount 
per o c on 
nutrient 
agar at 

37 C after 
48 hrs 

LF 

in 

5 p c 

TO 
per 
c c 

-sn 

00 

20 

10 

5 

1 

l 

22-7-24 to 

2-11-24 

11-7 24 to 

2-11-24 
8-7-24 to 

22-7-24 
25-7-24 to 

7-11-24 

4 

4 

1 

3 

25 

8 

6 

25 


1 

1 

8 

2 

2 

10 

1 

3 

9 

7 

4 

3 

13 


480 

480 

698 

518 

Average 




73% 

891 







544 


The following conclusions are arrived at from the above table — 

1 That only 2 out of 64 samples, xe 3 1% of the samples alone can be 
olassed as ‘satisfactory’ according to the standard for B Colt adopted by the 
Govt Water Filtration Committee 

2 The Filter was able to effect a reduction of 45 1% only in the test for 
total colonies count 


Table ahounng the treatment gtven to beds on artificial filming slow sand filters 


Started on 

Stopped on 

Life of the sand 
filter at 4' rate 

Treatment given to the bed 

8-7-24 

22-7-24 

Bed No 4 

1' sand 200 lbs alum. 

26-7-24 

31 8-24 

9 days 

Bed No 6 

Completely overhauled and 200 
lbs of alum used. 

5-9-24 

11-10-24 

29 „ 

1' sand and 150 lbs alum 

16-10-24 

17-11-24 

16 „ 

1' sand and 186 lbs. alum 

22-7-24 

18-8-24 

Bed No 9 

20 days 

1' sand dug to about 9* depth 
and used 200 lbs alum 

17-8-24 

5-9-24 

16 .. 

1' sand dug to 6' depth and put 
in 1' washed sand,and used 




200 lbs alum 

10-9-24 

6 10-24 

22 „ 

Removed 1' sand and replaced 


1' washed sand and used 2 
cwt. of alum. 



11-10-24 

1-11-24 

17 „ 

Removed 1' and put in 1' washed 


sand—oo alum. 






S. V. GANAPATI CHBMISTBY AND BIOLOGY Of TUB 


The performance of the sand filters by this process cannot therefore be 
considered as efficient. 

C ( b) Experiments using chlorinated raw water for the sand filters 

Major Morrison (G 0 No 646 M , 1920) had stated that ohlonnation at 
Red Hills would offer a definite solution for the Madras problem This was 
tried in 1926-27 at Red Hills and later at Kilpauk ltBelf at a point whore the 
ohlonnated raw water would take about ten minutes to reach the filtere Even 
after the application of chlonnatod raw water the sand filters gave poor 
bactenologioal results, and a special investigation was made m 1929 to elucidato 
the probable oauses for the poor results (Ganapati, 1929) 

D Discussion of Results 

(l) Reasons for the poor Bacteriological results in the Madras slow sand filters 

(1) A constant level of water over sand is not mamtamed but the level 
is varied from day to day, as there appears to be some engineering difficulties 
in the way of maintaining a constant level 

(2) Thickness of sand. —‘The original depth of sand must be sufficient to 
form an effective filter and besides to allow of several scrapings without the 
renewal of the sand Inasmuch as the bacterial efficiency depends in part 
on the action whioh takes place in the body of tho filter and not exclusively 
at the surface, an increase in depth within certain limits will tend to increase 
the effioienoy of the filter The effect of deep beds is similar to that of fine 
sand in steadying the action of a filter, and it has been clearly shown by the 
Lawrenoe Experiments that the operation of bods 4 to 6 ft thick is not so 
much affeoted as that of beds 1 to 2 ft thick by such disturbance as variations 
in rate, soraping of beds, etc , although the results with perfectly uniform 
conditions are not materially different The effect of depth is also very muoh 
important in oausing a more uniform action over the entire bed of a freshly 
cleaned filter by minimising the effect of frictional resistance in the underdrains ' 
(Turneaure and Russel, l c ) 

For the foregoing reasons the minimum thickness should be about 2 ft 
and the maximum 3 to 4 ft But the depth of sand in individual Corporation 
beds varied from 9' to 24' whioh might have accounted partly for the poor 
bacteriological results though the uniformity coefficient of sand was between 
2 and 2*6 and effective size was between 0*2 to 0-4 mm 

(3) The water used to feed a bed about to start was of poor quality being 
derived from the indifferent mixture of filtrates Further, it is well known that 
in many cases there is a considerable decrease in the bacterial effioienoy of a 
filter for some time after soraping and refilling with sand and it is the usual 
praotioe to waste the effluent for a day or two or the filtration is begun very 
slowly. The filters are started in praotioe with this initial disadvantage The 
filtrate during the first few days was always bacteriologicaUy muoh poorer 
in quality than the filtrates obtained afterwards Madeley (1918) found that 
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efficient filtration did not start for about 10 days m the case of both covered 
and uncovered filters and that the total counts of bacteria and the numbers 
of lactose fermenters were both greater in the filtered water than m the 
unfiltored 

(4) To secure efficient and reliablo results a filter must be operated with 
gradual morease in rate Violont changes in rate cause ruptures in the filtering 
skm A considerable depth of sand serves to steady the action But at 
Madras a bed was brought up to its maximum rate of filtration which was 
variable from 4* to 8' vertical por hour sometimes even within 24 hours So 
the beds did not get a chance to form an efficient film boforo their effluents were 
drawn mto the mam 

The Madras plant designed to operate at a slow rate of 4' vertical per 
hour was m praotioo converted into a semi-slow sand plant due to inadequacy 
of sufficient filter beds, or rather a plant with no fixed rate of filtration, resulting 
in an unsatisfactory filtrate for the town supply So much for the practice 
which obtained at Kilpauk Water Works 

The experimental filter, however, showed that slow-sand filters should 
give better results if the practice was more m accordance with the theory of 
slow sand filtration This will be true with the qualification and it is a very 
important qualification that if H s S did not result m the actual procoss of slow 
sand filtration due to sulphate reduction by bacteria under anaerobic condi¬ 
tions But the sand filters almost always creates optimum conditions for 
sulphate reduction The bacterial efficiency of slow sand filters is granted and 
fully borne in mind when it is stated m these and other pages that slow sand 
filtration is unsuited for the tropics A solution is sought in the direction of 
rapid sand filters which do not afford anaerobic conditions Whether thus ideal 
condition will be achieved with the help of mechamoal filters (rapid filters) 
or by a modification of the plant at Kilpauk I prefer to leave open here. 

Algal Growth tn Sand Filters 
(u) Algae tn the Sand Filters 

The surface of sand can be compared to a lake or reservoir bottom where 
dead algae settle and decompose So when raw water containing plenty of 
algal cells are filtered through sand filters, the algae are retained mostly on the 
surface of the sand and this constitutes the ‘ vital layer ’ According to Kemma 
(Whipple et al , 1927) the organisms are found m three conditions: (l) forming 
the vital layer or sohlammdecke, (u) attached to the walls of the sand filters, 
and (in) floating free in water Organisms in the three states have been 
examined from time to time and the important ones in each state are given 
below: 

Organisms in the vttal lager are :— 

1. Oscillatoria hmnetica 

2. „ sp. 
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3 Pertdtmtum Marcfncum 

4 Oocyatia spp 

6 Aphanocapsca elachista var nov 

6 Microcystis scnpta 

7 „ robusta 

8 Navtcula sp 

9 Gnat worms 

Attached to the sides are — 

1 Scytonema sp 

2 Tolypothnx sp 

3 OsciUatona sp 

4 Gnat worms 

Free floating organisms vide pagos 244-246 
(m) Vital Layer or Schmutzdecke 

That the chief agent in effective filtration is the vital layer formed at the 
surfaoe of a slow sand filter is the view held by the German Sohool (Turneaure 
and Russel, l c ) The vital layer is composed of an upper ‘gelatinous semi- 
oolloidal partially organised layer strengthened by a net work of algae’ and a 
lower ‘stratum of decomposing organic matter underlying sand’ It is m 
this lower portion that saprophytic organisms ‘split up the complex albuminoid 
ammonia into their simpler substances’ and lower down nitrifying baotena 
are found which thrive upon the ammonia, nitrites, eto , supplied from above 
For the oxidation of the above substances, the nitrifying baotena are supplied 
with oxygen by photo-synthetic activity of chlorophyll bearing organisms 
which have collected on the surfaoe of the sand layer The vital layer as a 
whole effects ‘not only a removal of organisms by adherence to the film but 
also a decrease in the nitrogenous organic content as measured by albuminoid 
ammonia and nearly corresponding increaso in the nitrate ’ (Turneaure and 
Russel, Ic). According to some people the efficiency of filtration is at least 
partly due to the activity of nitrifying organisms establishing themselves on 
the surfaoe of sand (Raju, 1924-25) 

But the American sohool (Turneaure and Russel, l c.) does not attach the 
same importance to the formation of the upper portion of the vital layer. 
Americans have notioed m their experiments that in a brief time an organic 
slimy deposit in the sand is formed by bacterial growth and that this deposit 
adds to the efficiency of the filters even with raw water of low turbidity This 
deposit is not quite the ‘skin’ spoken of previously but its aotion is very much 
similar. At Bedford non-submerged peroolating filters are m use This slimy 
deposit is formed in those filters and the efficiency of the filter is considered to 
be largely due to it.* The non-submerged peroolating filters experimented 
with by the Water Filtration Committee, Madras (1928,1929,1930, and 1931) 
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have also given good results and it would appear that the slimy deposit 
serves very much the same purpose that the vital layer serves m tho case of 
submerged slow sand filters 

Let us consider the case at Madras Madeley (1918) has desonbod this in 
detail * The filtering layer oonsists of two distinct portions whioh play a 
definite r61e in effecting purification The top portion is the sedimentary skin 
forming on the surface of the sand, which corresponds to the upper portion 
of the vital layer described above and consists of suspended matter both organic 
and inorganic The thickness and colour of the ‘sedimentary skin’ depends 
upon the amount of suspended matter present in the water During the hot 
weather and the south-west monsoon periods, it forms a felt-like skin which 
on drying curls up into sheets of considerable tenacity roughly hexagonal in 
shape and about three sq ft m area During the cold weather period it forms 
a well-defined skin, not so thick or tenacious as the laBt-mentioned which, on 
drying, curls up m sheets of about { square foot m area It possesses some 
tenacity and is distinctly separate from the sand Immediately after heavy 
rainfall, t e , m the north-east monsoon period when the water contains com¬ 
paratively little organic matter, tho sedimentary skin is thin, and drying 
separates into quite small patches which are not readily detached from the 
surface sand ’ 

There appears to be normally no further gi owth of algae m the sedimentary 
skin due to the fact that the sun’s rays do not seem to ponetrate through 3} 
to 4 ft depth of water This is confirmed by tho fact that the depth of visibility 
using Secchi’s disc does not exceed 100 ems or 3$ feet m raw water 

(iv) Gelatinous Layer 

The lower layer below the sedimentary skin is the gelatinous layer whioh 
corresponds to the bottom layer described above wherein ‘peptonisation and 
hydrolysis of the albuminoids take place by means of the organisms growing 
and retamed in the filtering skin’ This gelatinous layer m the Madras sand 
filters is well marked fqr a depth of 1 5 inches below the surface of the sand 
and sometimes can be seen by the eye to extend to a depth of 9 inches or so. 
The sand grains in this layer are surrounded by a jelly-like Bubstanoe whioh 
gives the sand a certain tenacity so that it can be kneaded with the fingers as 
if it were mixed with clay 

It has been found m actual practice that on removal of the dense sedi¬ 
mentary skin, the filter continued to work for a considerable penod This 
removal of sedimentary akin has been repeated with advantage several times 
before removing and washing the gelatinous layer, whenever filters were not 
sufficient to oope with the city’s requirement Tho absence of a sedimentary 
skin contributed perhaps very largely to the deterioration m the baotenal 
efficiency. Usually 1-2 inches of this Band layer was removed every time for 
washing and cleaning. 
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(v) Black Sand Layer. 

A black layer about which no mention has been made bo far m any 
literature on sand filters was always found to commence just below the two 
layers desonbed above and to extend from two inches to the entire depth of 
the fine sand layer The longer the life of the filter the greater was the depth 
of this blaok layer 

This black sand has boen examined by Dr Simonson (vtde p 60, Report 
of the Committee appointed in GO No 1576 M, 16th September, 1917) 
who found that ‘ (l) Nitrogen is absent from all the specimens Kjeldahl deter¬ 
mination , (n) the black specimens contain a relatively considerable quantity 
of sulphide, (m) there is only the merest trace of sulphate prosent m the sand 
from the contre of the beds and no sulphido, and (iv) the black specimens 
contain sulphate especially after exposure to sunlight and air* Further, 
that ‘From these experiments it would appear that lack of aeration is the 
cause of black colour and it (black colour) would disappear if there were no 
dead ends’ Iron sulphide according to him ‘may be due to the following 
series of changes —sulphur (from albumen)—iron sulphide—iron sulphate 
(due to air oxidation) and this passes away dissolved in the water’ 

Dey and myself (1934) have givon a different explanation for the occurrence 
of the black sand layer based on a detailed study of the conditions It is 
reproduced below ‘The depth of fine sand m the Madras sand filters varies 
from 9 to 24 inches About 0 5% of iron is present m the sand When a 
slow sand filter goes out of action it is found that. (1) the entire sand from 
the coarse sand layer, and gradually extending upwards till the filtering skin 
or ‘schlammdecko’ is reached, is blaok (due to FeS), depends upon the life of a 
sand filter—the longer the life the greater the formation of black sand, (2) the 
top portion of fine sand (about 6') contains more non (0 60%) after each run 
of a sand filter, although washed sand is used every time that a filter is started, 
(3) sand, after turning black due to FeS m a filter bed, oontains more sulphur 
than the sand whioh was not used m a sand filter Therefore it appears from 
(2) and (3) that sand as it is used in the filters gathers to itself more and more 
of iron and sulphur and the process of such aooretion is easily explained * 


Table showing the results oj analysts of different specimens of sand 


Description of sand. 

Fe,O s 

CaO 

MgO 

SO, 

1 Fresh unused river sand 

0*49 

0 028 

0 085 


2 Used but washed sand from Bed 
No I 

048 

0*024 

0*036 

0 010 

8 Top portion (6') of sand from Bed 
No I after a run 

0 57 

0 020 

0*032 

0*014 

4. Bottom portion of blaok sand from 
Bed No. I 

0*46 

0*028 

0*035 

0*020 
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‘The lake soil being latente, and henoe rioh in iron, the latter usually in 
the form of brownish femo hydroxide, is slowly deposited on the top 6' of the 
fine sand layer, especially during the summer months.’ 

‘The HgS produced by sulphate reduction is fixed chiofly as the sulphides 
of calcium, magnesium and iron in sand The black iron sulphide when 
exposod to the sun for purposes of cleaning is converted, at least, praotioally, 
into sulphate (Van Hise) There is a tendenoy for the iron oontent in sand to 
go on increasing There is no reason to suppose, making an allowance for the 
passage of soluble iron compound, that at any time is the iron content likely 
to decrease The water, besides carrying iron, contains soluble sulphates and 
negligible sulphur bearing proteins The sulphates are reduced by the aotion 
of sulphate-reducing bacteria for which the presence of organto matter is also 
necessary The sulphate of iron yields FeS, which yields up it8 S oontent in 
tho form of H^S, that either escapes or again acts on the fresh Bupply of iron 
in the water to form blaok iron sulphide How exactly this reduction of 
sulphates to sulphides takes plaoe has been explained already under chemical 
conditions’ (pp 252-263) 

In this connection a brief review of the results obtained by Elhs (1025) 
in his investigation into the cause of the blackening of the sand m parts of the 
Clyde Estuary will be extremely interesting He first examined baoteno- 
logically whether the blackness was due to any sewage pollution He found 
(l) no B Colt communis m almost all the samples he examined while he 
found the total number of bacteria to range from 10,000 to 3,000,000 per gram 
of sand ‘ The large number obtained for tho total count mdicated an enormous 
amount, relatively, of organic matter large enough to be able to support a 
very large number of organisms which are absolutely dependent upon orgamo 
matter for their sustenance And yet the organic matter harboured no 
representative of B. Colt, a fact which indicates clearly that sewage pollution 
was not the cause of the presence of this organic matter * 

‘What is of much greater interest to us m this study is (u) that the blaok 
colour disappeared on free exposure to the air, and this fact precluded, of 
oourse, an organic origin to the blaok material ’ 

(iii) A chemical analysis showed that the blaok sand consisted of 0*36 
to 0*53% of total iron and of 1*2 to 3 0% of orgamo matter, and to be ferrous 
sulphide (iv) He found that the predominating bacteria in the blaok sand 
was one bacillus, of lp in thickness and of a variable length but averaging 
four to six times the thickness By making cultures of the organism on agar 
slopes, suspending a strip of filter paper, dipped m lead acetate over the surface 
of the culture, it was easy to demonstrate the fact that sulphuretted hydrogen 
was evolved from the cultures whilst the individuals were m prooess of growth 
and multiplication, (v) From a study of the geological character of the 
drainage area he found that it consisted almost entirely of basaltio lavas 
rich in iron (10 to 15%); and therefore it was not surprising that there should 
be a fair quantity of iron in the composition of the sands on the shores of the 
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Clyde, (vi) Prom a knowledge of the physiology of iron bacteria he concludes 
that undor certain oircumstances, in certain waters iron is found m solution 
combined with some organic radicle ‘Further, the iron bacteria thrive best 
m nature, in water whioh has passed over boggy country or open moorlands 
This water picks up in solution organic matter that is liberated as a result of 
the decomposition of plants The decomposition of feme hydroxide on the 
membranes of the iron bacteria shows that such water may also contain iron 
in solution 1 From theso facts he concludes that ‘ferrous sulphide ib the 
compound responsible for the colouring of the sand’ He explains ‘ We know 
from our researches on the iron bacteria that water containing this kind of 
organic matter is capable of taking up iron m solution It is probable, there¬ 
fore, that much of the iron is carried away in solution, in combination with 
organic matter Then, when the water with the iron in solution laps the 
shores of the Clyde, the organic matter is taken out of it by the activity of the 
bacteria, and the iron combines with the hydrogen Bulphide liberated by 
the same organisms When iron combined with orgamo matter is under other 
circumstances metabohoally treated by the iron bacteria, the iron is separated 
from the orgamo matter, but as there is no reducing agent present like 
hydrogen sulphide the iron instead is oxidised to feme hydroxide’. 


Points raised by Simonson and Ellis examined with reference to the formation 
of FeS in the Madras Slow Sand Filters 

A different explanation is given for the formation of FeS at Madras by the 
author 

(a) The blaokenmg of sand ib due to FeS, (6) there is no sewage con¬ 
tamination, for B Coli has been found to be in ±60 o o m the 
majority of samples and also because the total colonies count 
does not exceed 600 per o c on nutrient agar at 37°C after 48 
hours, (c) the oxidation of ferrous sulphide into sulphate takes 
place on exposure to air, and (d) that iron bacteria play an 
important rdle m its formation. 

The author does not agree with Simonson when he says that S for FeS 
is derived chiefly from albuminous substances deposited on the surfaoe of the 
sand filter The proportion of organic sulphur to inorgamo sulphur in one 
litre of Bed Hills Lake water has been estimated and it has been stated that 
orgamo sulphur is practically negligible while inorganic S calculated as 30$ 
varied from 20*3 to 24 0 mg per litre (Dey and Ganapati, l c ). In support 
of this view, I have also cited Peterson, Fred and Domogalla (1926) who found 
that cystine, the sulphur containing amino-acid, varied from 1*6 to 7*6 mg. 
per cubic meter in the different lakes studied by them. So it follows that 
practically the only sourpe of sulphur for FeS is the inorganic sulphate of raw 
water. 
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Then, the presence of the sulphate reducing organism Beijennck’s Spirillum 
desulphuncans in the lake water and in the sand filtors has also been shown 
by me (Dey and Ganapati, loc ext) Bunker (1936) has also stated that in 
nature and industry those sulphate roduc ing bacteria are shown to bo responsible 
for blackening of mud, and for the deposition of metallic sulphideB In the 
case of the Clyde Estuary it is quite probable that the salt water Spirillum, 
Microsptra aestum of Van Deldon (l c), is the more important organism 
responsible for tho formation of FeS than the bacillus isolated by Ellis, who had 
probably not thought of sulphate reduction as a possible way for the formation 
ofFeS 

(vi) Nitrification tn the Slow Sand Filters 

Nitrifying bacteria have boon reported to flourish on the ammonia, nitrites 
and soluble organic products (Ridoal and Rideal, l c , Raju, l c) emanating 
from the filtonng skm in all sand filters of Europe Tho expenonce at Madras 
ib quite the reverse Though ammonia, in fairly large amounts, has been found 
to be prosent m the effluents from tho Madras slow sand filters, nitrites or 
mtiates have not been doteoted at any timo This Hhows that either nitrifying 
bacteria are absent or if they are present conditions are inimical 

Fowler (1936) considers that certain conditions are necessary for 
nitrification They are not found m the Madras slow sand filters For nitrifica¬ 
tion the favourable conditions are Presonco of oxygen and of a base and 
some phosphates aro essential Tho presence of oxcessive amounts of ammonia 
or of organic matter are prejudicial (Winograsky) Conditions unfavourable 
in every way have been found in the Madras slow sand filters {vide Chemical 
Conditions) So nitrification does not take place m them 

(vii) Microflora in the Filtrate of Madras Slow Sand Filters 

(а) Diatoms and Iron bacteria —When a slow sand filter is started for the 
first time its run can be divided into two periods (o) tho period during whiob 
H 2 S ib absent, and (6) the rest of tho run when H g 8 is present The mioro- 
flora is entirely different in each period In the first period when tho production 
of sulphuretted hydrogen does not take place for a week or two, the filtered 
water chambers and weirs aro coated with a yellowish brown growth which 
gradually turns dark brown This consists of several species of diatoms 
Synedra ulna, Synedra ulna var impressa, Cymbdla ajfints and NaircuUa sp. 
and an iron bacterium Leptothix ochraceae The brown colour is due to hydrated 
ferrio hydroxide present m its sheath 

(б) Sulphur bacteria —Later, when HjjS begins to appear, the brown 
growth is interspersed with colourless gelatinous growths, on the weirs and 
walls of the filtered water chamber, and about a week later still, when the 
gas is present in appreciable quantities, the walls of the chamber are covered 
to a depth of about one foot from the surfaoe m the Corporation filters, while 
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in tho case of the small Govt experimental filter the entire regulating outlet 
was filled with the colourless growth in long trailing filaments. This is 
identified to be a mixture of Beggtatoa minima, Sphaerohlus natans, Thirothnx 
nivea and a new sulphur baotenum (?) The colourless growth is Been m some 
cases in the form of petals arranged one above the other as in the case of a 
lily flower When tho gas production is at its maximum,»e , towards the end 
of a run during March to Septembor, globular, odourless gelatinous growths 
are seen floating m the filtered water chamber and ofton sticking to the sides. 
Jackson (1901-1902) has stated that towards the end of the 19th century 
iron bacteria in water supplies had caused serious trouble m numerous cities 
m both America and Europe 

Reference to literature regarding the presenoe of Leptothnx m nature 
goes to show that it is generally present in the iron-beanng surface waters 
of bogs, streams and springs Harder (1919) has found it m mine waters m 
the iron range of central Minnesota, m the lead and zmo regions of South 
Western Wisconsin and in chalybeate springs on a small creek west of Lake 
Kegona, Molish (1920) has soen it in the rice fields of Japan, Ellis (1926) in 
several parts of England, Choloday (1926) in Russia, Hirst (1920) in Colombo 
Water Works Biswas (1930) reports its presenoe in the filtered water of the 
Calcutta Water Works 

Harder (lc ) has stated the conditions necessary for the growth of 
Leptothnx ochracea They live on the surface of underground waters, the 
temperature within moderate limits has no effect on them The quantity of 
iron required is small and it is found m water with 6 2 p.p m of Fe g O s The 
amount of orgaiuo matter m solution is a limiting faotor to a oortain extent. 

All the varieties of bacteria isolated in the case of Red Hills Lake water 
(vide Chapter I) have been isolated from the filtrates from the Madras slow 
sand filters So, the presence of iron bacteria in the filtrates from slow sand 
filters would show that these bacteria are active inside the filtering media and 
that they precipitate iron hydroxide in the early stages which are turned into 
soluble ferrous carbonate by oarbomo acid (Waksmann, 1930) Thus the 
presenoe of more iron in the filtered water than in R W is easily explained 
(vide Chemical Conditions) This is confirmed by another observation also 
Sulphur baotena towards the end of the run turn black, and the blaok 
colour is discharged by the addition of dilute HC1 Iron m the filtrate in the 
form of ferrous carbonate reaots with H*S forming blaok iron sulphide, and the 
black colour is discharged by the addition of dilute HC1. The sulphur bacteria 
which was originally colourless and later acquired a blaok oolour again becomes 
oolourless. 

Colourless Sulphur bacteria —The seoond stage in the miorobiology of the 
Madras slow sand filters is the formation of the colourless sulphur bacteria 
Their appearance synchronises with the production of H*S in the effluents. 
But they are not responsible for the formation of hydrogen sulphide (Lafar, 
lc.). 
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The standard conditions under which the colourless sulphur baoteria 
appear in nature are given in Bavendamm’s monograph ( Ic ) on ‘Colourless 
and Red sulphur bacteria * Their appearance is dependent upon five condi¬ 
tions, which are satisfied m the Madras slow sand filters also ( 1 ) Hydrogen 
sulphide helps the growth of sulphur bacteria, for without it there is no life 
and motion for them In the Madras filters the gas is produced in appreciable 
quantities so that the growth of the bacteria is encouraged in the filtered 
water chambers and other places in the Water Works system (u) Tho move¬ 
ment of the water m which they occur exerts some influence, for they are not 
to be found m quickly moving waters Madras filters working at four or six 
inches vertical per hour offor suitable conditions for their growth (in) The 
influence of oxygen is also notioeable inasmuch as the organisms cannot live 
without it They are therefore seen growuig in long trailing filaments on the 
walls of the filtered water chamber near the surface, on filter weirs and under¬ 
ground reservoirs (provided with ventilators) whore they get oxygen from 
the air and the sulphuretted hydrogen from the filtrates They are not 
found in the central collecting drains of filters, where oxygen ib practically 
absent (iv) Warmth favours sulphate reduction and tho development of 
saprophytic bacteria so that in summer the output of sulphuretted hydrogen 
is very large and consequently this season is best suited for the growth of 
the organisms under discussion In Madras they havo been found growing 
in abundance in the hot weather and south-west monsoon periods, (v) The 
water must be alkaline to neutralise the sulphuric acid formed as a result of 
oxidation of hydrogen sulphide by theso organisms The pH of raw water is 
8 5 and of filtered water about 7 2 showing that the filtered wator is evidently 
favourable for their growth 

Slime formation by sulphur bacteria 

Ellis (1932) has stated that slime formation is an important characteristic 
of the sulphur bacteria and that Begyiatoa alba forms a considerable amount of 
slime under certain unfavourable conditions and that in the case of Thtoihnx 
the slime formation is normal The formation of globular colourless gelatinous 
growths towards the end of a filter run is probably an instance of slime formation 
by the sulphur bacteria present m the filtered water chambers. The findings 
of Ellis and others are confirmed as regards the slime forming tendency of 
colourless sulphur bacteria —Beqguttoa and Thwthnx —found m the Madras 
sand filters. 

Attempts were made as early as 1916 to get nd of the sulphur baotena, 
which was then described as ‘whitish gelatinous stuff’ by ohemioal treatment 
One suoh attempt was made by Madeley (1918) by ‘emptying the filters and 
passing permanganate solution up the outlet dram and into the underground 
drainage system. This treatment was continued whenever a filter was out of 
use for cleaning. This was discontinued after 1916 as the oost of permanganate 
rase considerablyIt was claimed that this measure brought the growth 
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within manageable proportions, but it still appeared in some filter outlets 
than m others 

The object of applying permanganate solution into the underground 
drainage system was probably to kill the whito growth whioh the authorities 
of the day then thought was growing in abundance there Later investiga¬ 
tions by the author showed that the ‘white growth* was never seen inside 
the underground drainage system of a slow sand filter, and this observation 
is in aeoordanee with the physiology of colourless sulphur bacteria 

Significance of sulphur granules seen outside the cells of colourless sulphur bacteria 

It has been shown while discussing the physiology of the colourless sulphur 
baotena that H 2 S is oxidised by them into water and Bulphur according to 
the equation 

HgS-f 0 —► H 2 0+S 

and that the sulphur thus liberated is stored inside the cells of these baotena. 
Also it has been stated that m the absence of H 2 S the sulphur stored inside 
their cells is used up for its metabolic processes It is also known that in the 
slow sand filters H 2 S is always present If such be the case, how are we to 
account for the formation of sulphur granules seon outsido the cells of the 
sulphur baotena gathered trom tho Madras slow sand filters 

This oan be accounted for in two ways Either a chomical or a biological 
or both processes must bo taking place It is quite likely that the amount of 
H 2 S not used by the sulphur bacteria aio oxidised m the presence of oxygen 
into water and sulphur, thus resulting in tho formation of sulphur granules 
outside the oells of these bacteria 

It is known also that the group of baotena known as the thionio acid baotena 
(Ellis, 1932, Waksmann, 1931) are able to oxidise sulphur compounds like the 
sulphur bacteria but the former differ from the latter in that they do not store 
sulphur m their oells It is quite probable that one of this group identified by 
Nathanson (cited by Ellis, 1932) and later isolated by Bcijennok (cited by 
Ellis, l.c ) is responsible for the occurrence of sulphur outside the cells of the 
sulphur bacteria Sterilised Beijermck’s medium (vide Ellis, 1932, p 221) 
when inoculated with a small quantity of the colourless sulphur baotena was 
covered with a film of sulphur in whioh were numerous baotena consisting of 
small thin rods, very motile and non-sponng The control flask showed no 
change Further tests are being made to confirm this Or it may be a case 
similar to what has been notioed by Van Niel (1 c) during the study of the 
flora occurring in and around the hot springs of Ye flow-Stone National Tark 
where 'white flocks were frequently observed which maorosoopioally showed the 
greatest possible resemblanoe to Thwthnx Miorosoopioal observations 
showed, however, that although the flocks contained large amounts of sulphur, 
this was not present in,the cells, but was partly attaohed to the outside and 
partly loose The organism consisted of colourless filaments whioh oould 
very well have been Thwthnx filaments but for the much smaller width of the 
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oells (below If*) These examples tend to show, therefore, that there exists a 
number of organisms which are quito closely related to tho typical, sulphur 
storing bacteria but differ from these by the fact that the sulphur is not stored 
insido the oells The resemblanco to the ‘sulphur bacteria * concerns the 
shape of the oells only The size is always smaller, however So, a further 
dotailed study alone oan show which of these agencios are responsible for the 
presence of sulphur granules seen outside the cells and lying loose m the filtered 
water chambers of tho Madras sand filters Which of these processes are 
taking place is being worked out and will soon lie published as a sejxarate 
communication The results obtamod so far go to show tho existence of one 
of the thiomo acid bacteria (Beijonnck, l c ), but since the organism has not 
beon oorreotly identified its physiology and morphology is not attempted 
hero just now. 

Purple coloured sulphur bactena 

Purple ooloured sulphui bacteria liave boon cultured from the black 
bottom mud of Red Hills Lake (Chaptei II) following the mothod of Van Niel 
But it was not found in tho filtei ed water chambers of the Madras slow sand 
filters at any time during tho past 25 yours It was thought likely that it 
might be present if cultivated under suitable conditions The modium of 
Van Niel was therefore used It was sterilised according to the directions 
given by him and a small quantity of the colourless sulphur bacteria was 
added to one of the bottles and was exposed to electric light in a dark room 
Within a week the bottle was coloured rose red, and later brick red On 
examination the rod ooloured organisms consisted oi circular balls, in singles, 
pairs or in groups of 3 or 4, each colony contauimg only one or two sulphur 
granules 

The organisms resembled those of the thiooystis type shown by Van Niel 
on p 64 of his paper Further experiments are in progress m tho laboratory 
of the author for studying purple-coloured sulphur bacteria from the Bed Hills 
Lake water. 

Physiological groups of Bactena found m the filtrates from Slow Sand Fillers. 

(1) Colourless, thread forming sulphur bacteria accumulating 8 within their 
oells. 

(2) The odourless organisms not forming threads and containing S within 
their oells, also acting on HgS. 

(3) Colourless bactena that do not accumulate sulphur within their 
oells but produoe sulphur abundantly from thiosulphate, HgS, eto, outside 
their oells. 

(4) Purple ooloured S baotena 

(5) Purple ooloured sulphurless baotena. 

(6) Ammonifying baotena 
zo 
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(7) HgS producers from all sulphur compounds excepting sulphates 

(8) H 2 S producers from sulphates 

(0) Iron bacteria —Leptothnz ochracea 

General Summary 

1 81ow sand filters have always been considered to be most satisfactory 
for treating a water of low turbidity and oolour One would have expeoted 
the same results from slow sand filters when they are applied to impounded 
surfaoe waters m the tropios Besides, they should be more popular here in 
view of the fact that the cost of land m India is cheap, labour is cheap and 
so a oity can afford to have a number of them 

2 But wherever they are m use (Salem, Adorn, Madras and Baroda) 
for purifying impounded surfaoe waters they have not proved successful 
The trouble is (i) the production of sulphuretted hydrogen m the effluent 
and (u) the poor bacteriological quality of the filtrates 

3 So far, no one has attempted to make a bio-chemical study of this 
method (slow sand filtration) excepting the Government Committees who have 
made a senes of small scale experiments with the Bed Hills Lake water employ¬ 
ing various methods of purification 

4 A thorough study of the vanous bio-ohemioal changes taking place 
in the Madras slow sand filters (gathered during the past 26 years) is given 
here in the form of a monograph 

6 The changes taking place inside the Madras slow sand filters can be 
compared to the bottom of tropical lakes where organic and inorganic sedi¬ 
ments accumulate Ruttner (1931) has shown that m the bottom of deep 
tropical lakes decomposition of orgamo matter takes place at a much greater 
speed at a temperature of about 25-30°C according to Vant Hoff’s R G T 
rule So there is the formation of large amounts of free C0 2 , free ammonia, 
sulphuretted hydrogen, and also consumption of dissolved oxygen, eto , takes 
plaoe In the same way in the case of a Madras slow sand filter, the prevailing 
temperature of about 30° appears to be responsible for all the ills found in 
them At that temperature there is an increase of free ammonia, carbonic 
acid, sulphuretted hydrogen, eto., and disappearance of dissolved oxygen due 
to increased bacterial activity inside the filters. Sulphuretted hydrogen is 
due to reduction of sulphates at the optimum temperature of about 30°0. 
by the stnotly anaerobic SpinUum desrdfuncana Sulphur bacteria (colourless) 
have been seen m the filtrates during the period of HgS production. Before 
the production of HgS iron bacteria are seen. 

6 All the attendant biological phenomena notioed in the slow sand 
filters have been traoed at the lake, the souroe of the city’s water supply 

7. It is therefore oonoluded that the method of slow sand filtration is 
not suitable to punfy impounded surface waters of the type of Red Hills Lake 
Rapid filtration appears to be the most suitable method of purification for 
tropical impounded surfaoe waters. 
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Oases in the Raw Water and filtrates from different depths of a typvxd Madras Slow Sand Filter 
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Table UI(a) 

1 at Run—Free Carbon duxetde 






Showtng the Chemteal Remits of 1 The Control Sand Filter ’ working at 4 














Tabus V 
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Table IX 

Oxygen absorbed —4 hours test —l«f Run 
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X» 



Tabu XJH 

Showing the chemical results of'The Experimental Sand Filler ’ working at ¥ vertical per hour 



•002 -048 





Showing mm e of the Important Chemical and Bacteriological Result* of Bed No 1 working at 6' 
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Table XV. 

Showing the amount of Inorganic and Organic Sulphur in Raw Water 
{Calculated as SO a ) 



SO, in Mg per litre 


Date of Estimation 

Sulphur 

(total) 

Inorganic 

sulphur 

Organic 
sulphur by 
difference 

Remarks 

7th June, 1029 

20 9 

20 8 

0 1 


28th „ 

21 9 

21 8 

0 1 


14th July, 1020 

22 3 

22 2 

0 1 


14th August, 1929 

22 4 

22 4 

nil 


7th September, 1929 

24 0 

23 9 

0 1 



Table XVI. 

Showing the amount of Sulphate and Iron in different specimens of Sand 
{Averages of three analyses ) 



Per cent 1 


Description of Sand. 

Sulphate 

Iron 

Remarks 


calculated 

calculated 



as SO, 

as Fe a O, 


1, Fresh unused river sand 


0 047 


2. Used but washed Band from 




Bed No I 

0 018 

0 48 


3. Top portion (3') of sand taken 




immediately after stopping the 
Filter No I 

0 018 

0 57 

This sand was not 

4. Bottom portion of black sand 
taken immediately after stop- 
ping the Filter No I and air 



black 

dried 

0 039 

0 46 








Symposium on Coal in India. 

Under the auspices of the National Institute of Sciences of India, a 
symposium on Coal in India was held m the rooms of the Royal Asiatic Society 
of Bengal on the 26th and 26th August, 1939, under the presidency of Brevet- 
Colonel R N Chopra, CIE,MD,ScD,IMS It was organised by 
Dr Cyril S Fox, Director of the Geological Survey of India, and embraced all 
significant aspects of the important problem of the mam fuel resources of India 
arranged under forty-one subjects as follows — 

1 History of the Development of the Coal Industry 

2 History of Coal Mining in India 
3, The Geology of Indian Coal 

4 Reserves of Coal m India 
6 India’s position m the world as a Coal Producer 

6 Fuel Survey of the Coal Seams 

7 The Conservation of Coal 

8 The present status of the Coal Industry 

9 Coal in relation to Metalliferous Industries 

10 Coal and the Railways 

11 Coal m relation to Power 

12 Coal m the Chemical Industry 

13 Carbonisation of Coal 

14 Liquid Fuels from Coal 
16 Briquetting of Coal 

16 Gaseous Fuels from Coal (including underground gasification) 

17 Domestic Coke 

18 Fuel Research 

19 Safety m Mines Research 

20 Safety in Coal Mining 

21 Coal Mines Regulations and Administration 

22 Mine Plans and their Value 

23 Packing with incombustible material in Coal Mines 

24 Fires and Ignition in Coal Mines 

26 Fire-fighting and Rescue in Coal Mines 

26 Storage of Coal 

27 Competitive Conditions m the Coal Trade 

28 Indian Export Trade in Coal (Coal Grading Board) 

29 Marketing of Coal. 

30. Physical characters and chemical constitution of Coal. 

31 Methods of Analysis of Coal 

32 Coal Cleaning and Benefioiation 
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33. Sulphur in Coal 

34. Moisture in Coal 

35 Ash in Coal 

30 Volatile Matter in Coal—its nature and properties 

37 Classification of Coal—its relation to utilization 

38 Petrology of Coal 

39 X-ray Analysis of Coal. 

40 Botany of Coal Seams 

41 State control, rationalisation and nationalisation of the Coal 

Industry. 

Opening Address by Dr . Cyril 8 Fox 

If we may judge from the interesting remarks m the ‘Abstracts of Papers ’, 
which are to be dealt with in this symposium on ‘Coal in India’, we are justified 
in believing that the Council of the National Institute of Sciences of India 
will have cause for congratulation at the end of the meeting On the one hand 
they have scoured valuable contributions from people who are reliable autho¬ 
rities on the subjects with which they have dealt, and on the other hand oontact 
has been established with many experts in the coal industry of India who 
probably still do not know what the National Institute of Scienoes of India is 

Without going too deeply mto details I would say that, even before 1902, 
when the Government of India instituted'a Board of Scientific Advice for co¬ 
ordinating the work of official scientific departments in this country, to after 
1930, when the Government of India was constrained to become a member of 
the International Research Council, scientists have felt the need of a co¬ 
ordinating non-official body which was entirely free of any political element 
After considerable effort and with the co-operation of the majority of scientists 
in India, the National Institute of Sciences of India was founded m 1935 in 
Calcutta 

It is necessary to explain that the International Research Council, already 
mentioned, was the name adopted by a select committee, formed m 1918-19, 
which had its headquarters m Brussels and representatives in Europe and 
America The purpose it had was to co-ordinate the work of scientists in all 
countries throughout the world by means of members on its Council from all 
countries and representatives of co-ordinating National Research Councils in 
those countries There was no such representative body in India and the 
National Institute of Sciences of India was formed with a view to going some 
way towards oreatiug such an organisation. 

The aim of the National Institute of Scienoes of India is not merely for 
the oo-ordination of the labours of men of science It has a larger soope. 
I will quote in order tile first three of the eight objectives which this Institute 
has in view — 

IB 
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(а) The promotion of natural knowledge in India including ite practical 

application to problems of national welfare 

(б) To effect co-ordination between scientific academies, societies, 

institutions, and Government scientific departments and services 
(c) To act as a body of scientists of eminence for the promotion and 
safeguarding of the interests of scientists in India, and to 
represent internationally the scientific work of India 
The preparation of a symposium on ‘Coal in India’ was undertaken by 
the Council of the National Institute of Sciences of India under the terms of 
its first fundamental objective I was not present at that council meeting 
and so oan claim no credit for the selection of ‘Coal m India’ as the subject of 
a symposium, but there is no question that this is the most important mineral 
substance in this country and that coal is still par excellence the most valuable 
mineral fuel in any country The coal production of India in 1938 was over 
28 342 million tons valued at rupees 1,064 lakhs 

I will now briefly discuss the scope of the symposium on ‘Coal in India’. 
You will see from the arrangement of the papers that the order of treatment 
is from the history of the coal industry, and coal mining in India specially, to 
geology and geological considerations with regard to coal reserves, and so to 
the utilization of coal in India Next, attention is given to questions of coal 
carbonisation and fuel research generally This is followed by papers on 
safety in mines, which end with the subject of rescue work in coal mines 
We then turn to the important question of marketing Indian coal and the 
details involved m it—cleaning, grading, methods of analysis—and end with 
remarks on the problem of nationalisation of the coal industry 

Before the first paper is now called for reading, I would like to say that 
although the excellent response to my appeal for papers is evident m the 
‘Abstracts of Papers’, this is not all the assistance and interest that has been 
shown in our efforts. The leading Calcutta firms who operate collieries in the 
Damodar Valley have provided the funds and will be our hosts today at lunch 
at Pirpo’s Pehti’s branch, and at tea here in the Royal Asiatio Society of Bengal 
I take this opportunity of saying how much we appreciate their kind 
hospitality 




HISTORY OF THE DEVELOPMENT OF THE COAL INDUSTRY 
By E R Gbb, M A (Cantab ), F OS , Geological Survey of India 

To attempt to deal with this vast subject in any degree of detail in the 
short space available here is, of course, impossible I therefore propose 
merely to touch lightly on the early rise of the coal industry, notmg briefly 
the principal landmarks of that period of its history and so pass on rapidly 
to the events of the present century which have such an important bearing 
on the state of the industry as it exists at the present day. 

As a preliminary, it is perhaps as well to get some idea of the output and 
uses of coal in various countries at the present time At present, some 60 
oountnes are engaged in the mining of coal (including anthracite, bituminous, 
lignite and brown coal) and m 1936 these countries produced about 1,280 
million metric tons of coal units (lignite and brown coals being converted into 
coal units thermally equivalent to the average of anthracite and bituminous) 

Of this world total, about four-fifths is consumed as fuel and the remaining 
one-fifth as raw material 


As fuel Per cent 

Industry (mainly for steam-raising) 30 

Railways . 16 

Electric generatmg stations • • 8 

Ships’ bunkers 2 

Collieries .. . . 6 

For domestic purposes • 20 

Total 80 

As raw material 

Metallurgical works (mainly non and steel) . 16 

Gasworks .. .. ..6 

Total 20 

This world total consisted of*— 

Bituminous coal about 87 * 7 

Anthracite »* 7 * 8 

Lignite .... *> 


The world output of nearly 1,300 million tons was distributed among the 
various countries as follows:— 
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Tabus 1 —Percentages of world output of raw coal by countries, 1934-1938 


(Ltgntte converted tnto equivalent coal untie) 






Cumulative 

Country 

1934 

1935 

1930. 

percentage, 

1936 

United States 

32 9 

32 3 

34 4 

34 4 

Great Britain 

19 6 

19 1 

18 1 

52 5 

Germany 

13 6 

14 9 (d) 

15 2 (d) 

07 7 

Saar 

1 0 

(0 9) 

(0 9) 

70 4 

USSR 

75 

84 

87 

France 

42 

3 9 

36 

80-0 

Japan (a) 

Poland 

3 1 

2-6 

3 2 

24 

3 0 (e) 

23 

830 

85 3 

Belgium 

India (ft) 

23 

2 2 

22 

87 5 

20 

20 

1 8 

89 3 

Czechoslovakia 

1 7 

1 7 

1 7 

910 

China (excluding Manchuria) 

1 8 

1 8 

16 

92 0 

Manchuria 

1 0 

10 

09 

93 5 

South Africa 

1 1 

1 2 

1 2 

94 7 

Netherlands 

1 1 

1 1 

1 0 

95 7 

Australia 

09 

1 0 

0 9 

90 6 

Canada 

09 

0 0 

09 

97 5 

Other oountnes (c) 

26 

29 

25 

100 0 

Total 

100 0 

100 0 

100 0 


Total production (million 





metno tons) 

1144 6 

1179 9 

1280 4 



(a) Without oolomes 

(ft) Including Native States. 

(o) Of the other oountnes, the most important are Spam, Hungary, Turkey, Austria 
and Frenoh Indo-China. 

(d) Including the Saar. 

(«) Based on final estimate (38 1 million tons) instead of provisional (41 0). 


These figures reveal the fact that over three-quarters of the output in 
1936 was produoed by four countries, the U 8 A with 34 per cent, Great Britain 
with 18 per cent, Germany with 16 per cent, and the USSR with 8 7 per 
oent, whilst other oountnes m Europe accounted for a further 10 8 per oent, 
giving a total for western Europe and the U S S R of some 63 per oent of the 
world’s output 

Having got a slight idea of the magnitude and geographical distribution 
of the coal industry we will now traoe briefly the vanous sequence of events 
that have had an important mfluenoe on its expansion and development. 

The early history of the use of these fossil fuels as distinct from that of 
wood charcoal is somewhat obscure This lack of reference to the value of 
coal in early literature merely lends emphasis to the fact that the development 
of the industry on an appreciable scale is of relatively recent date, being oloeely 
bound up with the deforestation of large areas of the countryside, resulting 
in a shortage of the more obvious and easily won sources of domestic fuel on 
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the one hand and by the wave of enguioenng invention and attendant rapid 
industrialisation dating from the latter part of the 18th oentury on the other 

Perhaps the earliest reference in which a definite distinction is drawn 
between fossil coals and wood charcoal is m the Greek writings of Theophrastus, 
a pupil of Aristotle who, about the year 371 B C in his treatise ‘On Stones’, 
mentions ‘fossil substances that are called coals, which kmdle and burn like 
wood coals’ occurring ‘in Liguria and in Elis, on the way to Olympias,— 
they are used by the smiths ’ 

In Great Britain, it is most probable that the use of‘stone coal’ was 
known to the Romans at the time of their occupation, for among the ruins of 
Roman towns, forts, etc especially in Northumberland, coal cinders have 
been found 

Time does not permit me to discuss the etymology of the word ‘coal’ 
and I would refer those interested to Dr Fox’s memoir entitled ‘The Natural 
History of Indian Coal* But it is apparent, from the nomenclature used in 
various countries, that fossil coal had been recognised from ancient times in 
many European countries, and although in India, there appeara no definite 
mention of it m the literature till as late as 1774, it had doubtless been 
recognised at a much earlier date. 

There is ovulenoe to show that coal was mined m Great Britain during 
the ninth century and certainly m the continent of Europe during the tenth 
century 

Subsequent to that date, the coal industry in Europe expanded appreciably 
and m Britain, by Tudor times, an important trade had developed between 
Northumberland and Durham mines and the city of London and coal was 
exported to northern Franoe In Scotland it was mined for use in local 
industries 

As far back as those early times, the smoke nuisanoe was realised for it 
was reported in 1678 that the burning of coal was prohibited m the vicinity 
of the Palace of Westminster when Queen Elizabeth was m residence To 
combat this smoke nuisanoe on the Continent, powdered coal was mixed with 
loam and made into balls, the resulting fuel proving economical, smouldering 
gradually away and producing no flame and little smoke This praotioe 
continued in Belgium until reoent years 

By the 17th century, coal was well known throughout Britain and a large 
part of Europe, and the industry was an extremely profitable one for the 
fortunate proprietors and land-owners, contrasting with the lot of the miners 
who worked under the most wretched conditions. 

Expansion was assisted by the oonstruotion of oanals in the European 
ooal-producmg countries, giving cheap transport to the sea and to various 
inland towns. 

But by far the greatest impetus given to the coal industry was the inven¬ 
tion and improvement of the steam-engine by James Watt of Greenock during 
the latter half of the 18th oentury, and secondly, by the introduction of railways, 
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whioh commenced with the improved locomotives of George Stephenson in 
1815 

Ease of steam transport both by soa and land not only directly effeoted a 
tremendous increase in the demand for coal, but quite naturally gave an enor¬ 
mous impetus to the iron and steel and attendant carbonisation industries, 
and to manufacturing trades and domestic consumption m general In fact, 
almost every important engineering invention, so numerous from the latter 
part of the 18th century onwards, added directly or mdireotly to the demand 
for coal 

Blast furnaces, which together with steel account for some 15 per cent 
of the present world’s output, had originated in Germany during the 15th 
century and were introduced into England about 1500 A scarcity of wood 
charcoal gave the incentive which led, about 1020, to the use of coke obtained 
from pit-coal, and during the succeeding century, the use of this fuel became 
the established practice With improved types of blowing engines, following 
Watt’s invention of the steam-engine, the blast furnace made huge strides 

In addition to the effect of the high temperature carbonisation industry 
to meet the needs of the iron and steel trade, further impetus was given to the 
coal industry by the large-scale introduction of coal gas as a means of lighting 
and heating The coal gas industry dates back to the end of the 18th century 
when, in 1792, one William Murdoch illuminated his house at Redruth, Cornwall, 
with coal gas distilled m an iron retort During the early years of the 19th 
century, the gas industry made great strides in Europe, and later m America, 
and additional impetus was given by the invention of the Bunsen burner in 
1855 and the incandescent mantle in 1885, both being discovered at Heidelberg, 
Germany 

The foregoing summary briefly indicates the principal landmarks whioh 
direotly and mdireotly influenced the expansion of the coal industry during 
the period of industrial revolution at the end of the 18th and during the 19th 
centuries Time does not permit me to discuss m any detail the more recent 
developments, such as the vastly increased development in steam and electrical 
power, the production of produoer gas and water gas, the use of pulverised 
fuel as suoh and in coal-oil mixtures, the manufacture of smokeless fuel by 
low temperature carbonisation and, latterly, the use of coal for the production 
of liquid fuels by hydrogenation 

It is neoessary to pass on and to give our attention to the general trend 
of events during the present oentury, and particularly sinoe the War, in order 
to understand the position of the coal industry as it exists today 

During the several decades before the War, the coal industry was expanding 
rapidly m this country, and with increasing industrialisation and demand, 
conditions were relatively smooth-running and prosperous Much the same 
thing was happening, though on a vastly larger soale, in Europe and America 
However, in spite of this relative prosperity, complications arose. With the 
rapid opening up of new mining areas without sufficient forethought to the 
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question of a reasonable balanoe between output, prices, profits and wages, 
fluctuations m coal prices were bound to occur and conflicts between employers 
and workers naturally resulted, strikes occurring at intervals, often os a result 
of outs in wages following falls in the sale prices of coal Thus the necessity 
of the integration, amalgamation and control of the industry became increas¬ 
ingly realised and, though many schemes were proposed without being put 
into execution, yet certain measures were adopted even before the end of the 
19th century, and the period 1900-14 was characterised in many countries 
by the introduction of legislation regulating conditions of working underground, 
ameliorating to an important extent the lot of the unfortunate miner 

As a result, when War broke out m 1914, Borne kmd of equilibrium had 
been arrived at m the coal-mimng industries of the various oountnes and to 
some extent in the international markets, though a great deal still remained 
to be done 

The War naturally created a great disturbance in the industry Belli¬ 
gerent Powers experienced an internal shortage and could not meet the demands 
of foreign customers As a result, m spite of the opening of now mines in many 
countries, prices tended to soar To meet the situation, in practically all the 
belligerent countries, the coal industry was placed under Government control 
for stimulating production, rationing and fixing prices 

As shipments from Europe to the Far East were cut off, the industry in 
Australia, China, Japan, South Africa and m this country expanded very 
appreciably, and a Bimilar expansion occurred in the USA m order to meet 
their enlarged industries and to supply certain European and South American 
countries In the oase of the European neutrals, Sweden and Switzerland 
developed their water-power and Spam and the Netherlands their own deposits 
of ooal Immediately following the War, in addition to the lasting effeots of 
the ohanges that had taken place during 1914-18, further complications arose 
owing to political and eoonomio developments 

The boom of 1919-20, oombmed with various factors limiting production 
and export in certain important countries, all combined to produce a world 
coal shortage, giving rise to high prices, further mining development, a search 
for substitute fuels and progress in fuel economies 

In 1921-22, an industrial depression followed, and coal prices collapsed 
This post-War confusion, together with labour unrest, stimulated a wide¬ 
spread effort towards a comprehensive reform of the industry and ooal com¬ 
missions were set up in various oountnes Numerous proposals were suggested 
and a number were acted upon but the ‘larger proposals for the nationalisa¬ 
tion of the industry were not put into effect or, where enacted into law, 
resulted in arrangements which were far from the original intentions’ 

Relative world prospenty and industrial expansion succeeded during 
1926-29 and this greatly assisted the coal industry, so that by 1927 the world 
production exoeeded that of 1913 for the first tune. Even so, during that 
period, the general tnaiaw of the world ooal-minmg industry and the oonoept 
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of a world ‘coal problem’ calling for international action began to gain 
ground Among the events, the 10 months’ stoppage m Great Britain in 1926 
assisted other European countries and the USA temporarily, but with her 
return to the market the struggle in competition was renewed 

Late in 1929, collapse again occurred and, combined with the substitution 
of other fuels for coal and as a result of increasing fuel economies, the produc¬ 
tion and consumption of coal fell to unprecedentedly low levels 

In order to realise the nature and magnitude of the difficulties involved 
during the last few years we must momentarily retrace our steps to the events 
of the several preceding decades ui addition to taking note of the happenings 
of the years succeeding the 1929 depression 

Throughout the 19th century and until the War, the world demand for 
coal had developed at an average rate of 4 per cent per year 

But between 1913 and 1937 this demand increased at a mean of only 3 
per cent annually 

During recent years, the factors tending towards a diminution of demand 
have, especially since 1929, appreciably exceeded in force the factors leading 
to expansion These post-War factors of contraction of the demand for coal 
include — 

(a) the depressed state of the railways and steamship transport, 

(b) displacement of coal as a fuel by mineral oils, natural gas and wator- 

power; 

(c) the production of a much greater proportion of the world’s steel 

output direct from scrap iron than was the case m pre-War 
days, 

(d) appreciably higher levels of fuel efficiency 

There is not time to discuss these various factors, I will merely draw your 
attention to the following data.— 

(1) Excluding the navies of the world, m which almost complete re¬ 

placement of coal by oil has taken place during the past 26 
years, the coal-fired vessels fell in tonnage from 44 million or 
97 per oent of the world total in 1914, to 32 million or 49 per oent 
of the world total in 1937. During that period, oil-fired vessels 
expanded in tonnage more than 16 times over to about 20 
million tons, and motor-ships by 13 6 million tons 

(2) Regarding economies m the use of fuel the following statistics show 

the great influence of this factor on the coal trade during recent 
years 

In the U S A., the average fuel efficiency of industrial manufacturing 
oonoerns and railway transportation rose between 1909 and 1929 by approxi¬ 
mately 33 per oent ancLoontmued to nse, but at lower rates in subsequent 
yean. 
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In Great Britain, in electricity undertakings an improvement of 65 per 
cent occurred in fuel efficiency between 1920 and 1936 In gas-production 
there was a saving of 10 per cent of coal In the case of blast furnaces, 
2*06 tons of coke and coal wero used to produce one ton of iron in 1913 as 
compared with 1 66 tons (of coke and coal) in 1936 In railway transportation 
there was an average increased thermal efficiency of 4 4 per cent between 
1928 and 1934 alone Realising the magnitude of these industries, it is 
easy to visualise the great influence these economies had on the coal industry 
Similar economies were, of course, achieved in many other countries 

Another important development affecting the balance within the industry 
in recent years has been the greatly increased output per man shift as a result 
of the rapid introduction of machine mining, an increase which has varied 
from 10 per cent in the case of Great Britain to over 100 per cent m the 
Netherlands 

A further important development of the (oal industry in recent years, to 
which reference must not bo omitted, is the groat expansion that haB taken 
place in the output of coal in the USSR From a production of 6 million 
tons m 1900,36 million m 1913, and 48 million in 1930, rapid expansion resulted 
in an output of 126 million tons in 1936 and there is little doubt that during 
the past tw o years further increases have boen recorded Fortunately, however, 
for the world coal trade, this rapid expansion added little to the problems 
affecting the industry as a whole, for the fuel produced was almost all consumed 
internally by the equally rapidly expanding home industries 

In view of the above-mentioned trend of events, it ib therefore not surpris¬ 
ing to find that the world coal industry of the present century, and particularly 
of the past 10 years, has been and is still suffering from a large margin of 
surplus capacity for production and, it is believed, that this surplus capacity 
is at the root of the present coal problem [‘Surplus capacity’ is defined 
as ‘the difference between the amount which existing mines, without any 
additional investment affixed capital, could produce and the amount of aotual 
output’ ] 

In 1929, the Economic Committee of the League of Nations came to the 
conclusion that, m European countries, there were margins of surplus capacity 
amounting to one-fourth in Germany, one-fourth to one-third m Great Britain 
and one-half in Poland 

In the case of the output of bituminous coals of the USA, the exoess 
capacity was estimated to have risen from some 20 per oent in pre-War years 
to about 56 per oent m 1923. In 1929, it fell to 27 per oent, soared to over 
90 per oent during the depression of 1932, and has more reoently declined to 
about 46 per oent—the percentages being estimated as proportions of the 
aotual output 

It is, therefore, apparent that, since the War and particularly since 1929, 
the coal trade both in the home and in the world markets has suffered from a 
serious unbalanoe between power to supply and volume of effective demand. 
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This has, on the one hand, given rise to various schemes—both national 
and international—for the control of output and pnoee and for the general 
amalgamation and regulation of the industry, and has led many countries to 
take steps in an attempt to improve their individual positions The steps taken 
mcluded the protection of the home markets by tariffs, etc , the granting of 
subsidies to encourage the export trade; manipulation of the national currency 
in foreign exchange and preferential trade agreements and bartering arrange¬ 
ments 

Fortunately also, on the other hand, there has been progress towards 
international agreements as evidenced by the Anglo-Pohsh Coal Export 
Agreement of 1934, renewed with some modifications in 1937, and by the 
International Coke Cartel of 1937 allotting export quotas and fixing minimum 
prices in the case of the principal European exporters of coke—Belgium, 
Germany, Great Britain, Poland and the Netherlands The necessity for 
readjustment on a world-wide basis is, therefore, being increasingly realised 
and, it is to be hoped that, on the return to stable political conditions, further 
measures on these lines will be adopted m order that a return to a lasting period 
of stability and welfare for all concerned in the coal industry of the world will 
be forthcoming 



HISTORY OF COAL MINING IN INDIA 
By E R Gee, M A (Cantab ),F 0 8 , Geological Survey of India 

India, in bo far as the interests of those directly connected with her coal 
industry are concerned, is perhaps fortunate in being relatively free from the 
more complex problems of the world coal trade such as have existed and 
continue to exist in the European zone Being more or less a self-supporter 
in the matter of coal and, as a result of her location geographically, being in 
a position to resist any large mvasion of her internal markets by imports from 
foreign countries, her coal industry has been allowed to develop steadily hand- 
in-hand with her general industrial expansion Whether this has been entirely 
to the country’s advantage, and to the advantage of her coal industry in 
particular, is debatable, but this does not concern us at the moment 

The coal-mining industry of India is a relatively recent development as 
compared with that of many European countries The first published reference 
to the mining of coal m India dates back to the year 1774, during the time of 
Warren Hastings, when permission to work coal mines m Bengal was acoorded 
to John Sumner and Suetonius Grant Heatly As a result, mines, doubtless 
as open or incline workings, were reported to have been developed m the Ram- 
ganj field, at Aitura (Ethora) possibly in the Dishergarh seam, at Chinakuri 
near the Damodar nver, doubtless m one of the middle Ramganj seams, and 
at Damulia, also near the Damodar, apparently m the Nega-Ramganj seam 
At least several thousand maunds 1 of coal were raised, of whioh some 2,600 
maunds were delivered to Government in 1776. The latter reported it to be 
of poor quality As a result of various vicissitudes, this original adventure 
apparently ended m failure. 

No farther attempt was made to exploit ooal in India for nearly 40 years, 
until 1814, when mining was commenced near Egara (Ramganj) Although 
this effort was again temporarily unsuccessful, sufficient interest was aroused 
to encourage further exploration and between 1820 and 1825 a number of 
mines were opened. Most of these were situated at no great distanoe from the 
Damodar nver and exploited the seams ofthe Ramganj coal measures, parti¬ 
cularly between Sitarampur and Chinakuri and near Ramganj Quarrying 
was also earned out in the upper Barakar seams near Chanoh, to the west of 
the Barakar nver. 

The first systematic geological survey of the field was made during 1846-46 
by Mr. D H Williams who was appointed Geological Surveyor to the East 
India Company, and a more detailed examination on the one-inch to one- 
mile scale by Dr W. T. Blanford during 1868-60 added greatly to our knowledge 
of the ooalfield. By that time, some 60 collieries were already in existence 

i One maond - 82 pounds (approx), 
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and during that period (1868-60) there was an annual average production of 
some 282,000 tons 

In those early days, muoh of this coal was shipped to Calcutta in country 
boats which plied down the Damodar Since oertain stretches of that river 
were navigable only during periods of high water, the journey was somewhat 
precarious and often took several months, whilst m many cases the boats were 
lost 

One can, therefore, well imagine the encouragement given to the industry 
by the opening of the East Indian Railway from Calcutta to Ramganj early 
in 1866 and by its extension, during the next 10 years, westwards to Barakar 
and north-westwards via Sitarampur to link up with the system that was being 
developed over parts of the Gangetic plain 

By 1868, the following five principal companies were engaged in winning 
coal m the Ramganj field and together they produced about 88 per oent of 
tho total output of some 492,700 tons —Beerbhoom Coal Co, Ltd , Bengal 
Coal Co, Ltd , East Indian Coal Co, Ltd , Equitable Coal Co, Ltd , and Gobind 
Pundit, Siresol (Siarsol) 

The detailed lustory of the development of mining in the field is, however, 
by no means a happy one and is typical of what happened elsewhere in India 
Government had not claimed the rights to the mineral wealth of the area and, 
therefore, would-be producers had to establish agreements on a royalty basis 
with the local land-owners Anyone acquainted with the question of the 
ownership of land m this country will realise only too well the complexities 
involvod, and it is not surprising to find that many enterprises failed as a result 
of the expensive legal disputes which incessantly arose 

Durmg the earliest stages of coal mining in India, a certain number of 
minors had been brought from England These were, however, soon replaced 
by local labour working under European supervision 

During the early stages of progress, exploitation was mainly from inclines 
and quarries but, as the years advanoed, the number of pits of a depth of 
several hundred feet naturally increased, and with the extension of branch 
railway lines across the field, other areas were opened up 

For the first century following the commencement of coal mining in India, 
the Ramganj field wets the only, or at least the most important, producer. 
But towards the end of the 19th century, the large reserves of good quality 
coal of the Barakar measures m the Jhana field became increasingly realised. 
That area had been geologically examined by Mr T W. H Hughes of the 
Geological Survey of India m 1866, but mining development was not seriously 
taken up for a number of years 

The ‘rise’ of the Jhana field has been dealt with by Dr Fox in a paper 
submitted to the Mining and Geological Institute of India in 1929 [see Tram 
Min Gtol Inst Ind, Yol XXIV, pp 97-106, (1929)] and, as he points out, 
‘the whole future of tfie field m those days depended on railway communica¬ 
tion’. Following an examination of the area in 1890, by Mr T. H Ward, 
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Mining Engineer, East Indian Railway Company, the Grand Chord line was 
extended vta Dhanbad to Katrasgarh by 1894 and during the following year 
the branch line to Patherdih was opened As a result, during the next decade, 
mining developed rapidly in Jhana and the output for 1906 exceeded the 
figure of 3,650,563 tons of the Ramganj field, and from that time to the present 
day Jhana has easily remained the principal producing field of India 

Meanwhile, the relatively small, though important, Gindih or Karharban 
field lying north of Jhana and some 23 miles west of the East Indian Railway 
mam line had been receiving attention and mining had actually commenced as 
early as 1857 With the establishment of railway connection with the mam 
line m 1871, the output of the good quality coking coal of this field moreased 
rapidly, the East Indian Railway Company having the largest interest, a small 
production being derived from Bengal Coal Company mines By 1890, the 
total tonnage from the field had exceeded f the |-million mark and during the 
early years of the present century some J million tons of coal were produoed 
annually 

Other coalfields m Bengal and Bihar, which were exploited during the 
latter half of the 19th century, included a small output totalling some 7,200 tons 
from the crushed Barakar measures of the Dalmg area m the outer Himalayas 
of the Darjeeling district, Bengal, between 1896 and 1900, and on a somewhat 
larger scale in the Rajmahal and Daltonganj areas of Bihar 

Regarding these Bihar fields, coal was apparently mined at Rajhara in the 
Daltonganj coalfield as far back as 1842 and contmued intermittently m a 
small way until 1931 In 1901, railway communication was established with 
the East Indian Railway mam line vta the Son Valley, prior to which date the 
coal had been despatched m boats down the North Koel river With the 
construction of the railway, the output increased in the early years of the 
present century to some 70 to 80 thousand tons annually 

From the Rajmahal hills, an output of about 8,000 tons is recorded for as 
far back as the year 1858, and of some 28,000 tons and 45,600 tons respectively 
during the following two years After that, the output fell rapidly and oeased 
m 1863 for about a quarter of a century From 1890 onwards, small tonnages 
are recorded 

The coal-bearing areas of oentral and southern India had been surveyed 
and reported on by the Geological Survey of India, principally by Hughes, 
William Bang and E J Jones, between 1860 and 1880 and, with the develop¬ 
ment of railways, attention was naturally paid to the possibilities of mining 
coal. In Central India, minin g was oommenoed at Umana in Rewah State in 
1884 and a small production was raised from the Johilla field between 1898 
and 1902 With railway facilities, the Umana output expanded to nearly 
200,000 tons in 1903. 

In the Central 'Provinces, the earliest development of coal mining was, 
apparently, at Mohpani where a oolliery was opened m 1862 by the Narbada 
Coal and Iron Co , Ltd With the construction of a railway connection about 
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1870, the output appreciably increased to some 40,000 tons in 1900 The 
collieries were purchased by the Great Indian Peninsula Railway Company 
m 1904 

Further south at Warora, production commenced m 1874 and rose to a 
maximum of 163,336 tons in 1902 In 1906, the mines were abandoned as a 
result of underground fires 

In Hyderabad State, the Smgarem field was discovered by Dr William 
King in 1872, and the first raising took place some 16 years later Steady 
progress was made during the remainder of the century so that an output 
of 469,291 tons was reached by 1900 

In north-eastern India, following earlier mining operations on a small 
scale, extensive developments took place in the Namdang and Ledo areas 
m Assam from 1881 onwards when a mining concession was obtained by the 
Assam Railways and Trading Company Communication with the Assam- 
Bengal railway was soon established and during the following 26 years the 
output of these Tertiary seams rose steadily to a quarter of a million tons 
annually 

In the north-west, near Quetta, the mining of the relatively thin Tertiary 
seams was taken up on a small scale during the final decade of the last century, 
and was continued by the North-Western Railway Company for a number of 
years In the Punjab Salt Range, at Baghanwala, the working of a Tertiary 
seam, up to a few feet m thickness, was commenced by the same Company m 
1893 and a maximum output of some 13,000 tons was raised in 1897 On 
account of the poor quality of the coal, the mines were dosed down in 1899-1900 
Other mines had previously been started (m 1884) in the adjoining Dandot 
area by this Company and a maximum production of 81,218 tons was raised 
in 1899 Sinoe then the production declined and the oolhenes were handed 
over to contractors about 1911. 

In the year 1900, the total production of these Punjab mmes was only 
74,083 tons 

At Palana, near Bikanir in Rajputana, the mining of Tertiary lignites 
commenced on a small scale in 1898 and production rose to some 46,078 tons 
in 1904 since when it has declined 

At the beginning of the present century the coal production of India had 
reached a total of about 6*1 million tons of whioh nearly 6 million tons were 
obtained from the Ramganj, Jhana and Giridih fields Blast furnaces had 
been in existence at Kulti m the Ramganj field for a number of years 

Continued progress was made in Indian ooal mining during the following 
pre-War period, a total output of nearly 16*6 million tons benlg produoed in 
1914, including about 9*16 million tons from Jhana and nearly 6 millions from 
the Ramganj field 

During this pre-War penod, the Bokaro (1908), Rampur (lb River) (1913) 
fields in the north-east "Were opened up In the Central Provinoee the Pench 
Valley (and Kanhan) fields commenced production in 1903 when the branch 
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line running from Chhindwara was opened, and production rose to 95,679 tons 
in 1914. Still further south the Ballalpur field in Berar, also opened in 1903, 
increased its annual production to about 90,000 tons during the same period 

Regarding the Tertiary fields, the production of Assam had risen from 
216,736 to 305,160 tons during the same pre-War period, whilst in north¬ 
western India, including Rajputana, Kashmir, Punjab and Baluohistan, the 
total had risen from about 106,600 to a little less than 120,000 tons In the 
Trans-Indus Range of the Mianwah district, at Makarwal, small incline-workings 
were oommenoed m 1903 in the outcropping Eooene seam, but production 
was limited to a maximum of some 2,500 tons annually 

During the War and in the year following, the demand for ooal was 
naturally aoute and a number of new collieries were opened up to meet the 
increased internal demand The total production rose to 22*6 million tons in 
1919. The demand for ooking coals was, about this time, appreciably enhanced 
by the construction of the iron and steel works at Tatanagar immediately 
preceding the War and the blast furnaces at Hirapur during 1922 

During or immediately following this wave of increased prosperity a 
number of new fields wore opened up including Jainti (1915) and Ramgarh 
(1920) m Bihar, Sohagpur (1921) in Control India, Ghugus (1920) and Shahpur 
(1921) in the Central Provinces and Sasti (1920) in Hyderabad State, whilst 
in northern India the output of Makarwal coal improved appreciably Pros¬ 
pecting work was being carried out in the Karanpura fields in Bihar and the 
Talohir field in Orissa, and production commenced during the 1923-24 period 

The aoute variations in the eoonomio thermometer during the subsequent 
15 years have, in India, as in the world as a whole, been reflected in the coal¬ 
mining industry of this country. 

The marked trade depression of the 1920-21 period badly hit the coal¬ 
mining industry and a number of mines, particularly those exploiting inferior 
grade seams, were forced to close down, though during that period the deepest 
shafts of Indian ooal mining—of a depth of 1,480 feet to the Dishergarh seam 
at Parbeliya—were completed During the year 1920, production fell to 
below 18 million tons and although it improved gradually during the following 
deoade, yet prices continued to fall to a low level Conditions during the 1921 
to 1923 period were further adversely affected by an adverse foreign trade 
balance in coal amounting to some 1,143,500 tons in 1922. At Mohpam, in 
the Central Provinces, production oeased m 1926 Another trade depression 
during the early part of the present deoade, with still lower pnoes prevailing, 
further restnoted enterprise, and resulted m the dosing down of mining 
activities m oertain of the smaller fields including the Rajmah&l area, Hutar 
and Daltonganj. 

Subsequent to 1933 an increased internal demand and a rapid rise of the 
foreign trade balanoe m India’s favour, to a total of 808,460 tons in 1937, 
together with a decided improvement m the pnoes attainable at the pit's mouth 
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smoe 1936, have brought more prosperous conditions to the coal-mining 
industry of India and the total output for 1938 reaohed the reoord of 28*3 
million tons. 

Largely on account of the fact that the majority of the seams worked 
in India are relatively thick, rarely less than 5 feet except in the case of certain 
of the Tertiary seams of north-western India, the pillar and stall method of 
working has been almost wholly m vogue In the case of the very thick coal 
seams, quarrying has of course been adopted at the outcrop 

As has been stressed in recent years by a number of writers, the fact 
that at least in the two major fields the mineral rights of the very numerous 
surfaoe land-owners have not been questioned, has often resulted in the working 
of certain of the most valuable seams from a very large number of small isolated 
mines m contrast to larger and more economically run collieries It is admitted 
that m a number of instances this has led to relatively inefficient methods 
of exploitation and to a much greater wastage m barriers separating the 
various oonoessions than would otherwise have been the case 

Also, during the process of mining—until recent years—only in a very 
few cases was attention given to stowing Laige reserves of coal were therefore 
left in pillars and as a result of subsequent fires originating from spontaneous 
oombustion, a considerable proportion of this coal has been irretrievably lost 
It is unnecessary for me to go into this question in detail, the subject has 
been brought to our notice repeatedly m recent years and you are all aware 
of the relevant literature that has been published Suffice it to say, that 
there appears to be good prospects of a marked increase in stowing m the 
not distant future 

Smoe the War, machine-mining has increased appreciably in India, 
but a very large proportion of the output is still won by hand 

One oannot conclude a discussion of the history of coal mining in India 
without a reference to the associated bodies—the Department of Mines and the 
Mines Board of Health. The former was established in 1893 with its head¬ 
quarters at Dhanbad A Circle headquarters exists in the Ramganj field 

In a discussion on this subject, it is, I think, relevant to compare briefly 
the condition of the coal-mining industry in this oountry with that of the 
larger producing countries of the world Particularly in the case of western 
Europe, we have seen that severe internal and international competition has 
foroed the industry to adopt measures of regulation and amalgamation that 
have led to greater efficiency and economy in the methods of exploitation, 
whilst the necessity of reaching agreement on the question of minimum paces 
and quotas has been increasingly realised. Though the difficulties impeding 
the adoption of similar measures in India are undoubtedly great yet they cannot 
be regarded as insuperable and it is to be hoped that, m the interests of the 
industry, a solution of these problems will be found in the near future. 
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ByE R Gee, M A (Cantab ),F OS, Geological Survey of India 

If you look up two of the recent leading text-books on coal in general 
you will find that in one case it is recorded that the ‘ Indian Ocean ’ group 
of coalfields (including China, India, Australia and South Africa) ‘are known 
to date from Upper Carboniferous times, although Permian coals are also 
known’ whilst m the second text-book it is stated ‘The coals of India are of 
earlier (Triassio) formation than tho coals of Great Britain’ 

In so far as India is concerned, it may be safely stated that the Gondwana 
coals of economic importance are all of Permian age, they are located almost 
wholly m the peninsula But in addition, mamly in the mountainous tracts 
lying north of the peninsula, India possesses important deposits of Tertiary 
coal all of whioh belongs to the lower Tertiary (Eocene). 

Past geological literature also refers to deposits of Jurassic coal in Cutoh 
and in the Salt Range area of the Punjab Local occurrences of ligmfied wood 
and inferior coal are certainly met with in the variegated stage of the Jurassic 
of these areas and the coal has, in the past, been excavated on a very small 
scale near Kalabagh But the amount available is very small and analyses 
have shown it to be of poor quality Mr R R Simpson, m his account of the 
coalfields in India, published m 1913 (see Mem Oeol Surv Ind , Vol 41, p 7), 
refers also to Cretaceous coal in Assam but more recent work by the Geological 
Survey of India in that area renders it probable that the latter are of lower 
Tertiary (Eooene) age 

The coal-bearing strata of India, within which coal of economic importance 
exists, may therefore be classified under two mam heads—the Gondwana 
(Permian) measures and the Tertiary measures 

For a detailed account of the Gondwana coal measures of India, I would 
refer you to Dr. Fox’s memoir on that subject [Mem Oeol Surv Ind , Vol 69, 
(1934)] 

Briefly, these coal measures and associated strata, all of whioh belong to 
the lower part of the Gondwana system, mclude in the mam typical fresh¬ 
water deposits whioh were laid down m wide river valleys and lakes that 
traversed the Gondwana oontment during Permian and later tunes The 
stratigraphioal sequenoe involved moludes 
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Ramganj field 

Jharia field 

Central and southern 



fields. 


- (Panohet senes) - 

Ramganj eoal measures I Kamthi senes 

Ironstone Shales | Barren measures | „ (?) 

Barakar ooal measures. 

(Talohir senes) 

[Arohaean and pre-Cambrian basement ] 

There is good reason to suppose that the whole of peninsular India and 
probably its extension northwards into what is now the site of the Outer 
Himalayas, at least for some distance oast of Nepal, formed ananoient land-mass 
dunng the early and mid-Palaeozoio period To the north and north-west an 
extensive sea—the Tethys—existed, and into this sea a number of large rivers, 
draining in a genera i northerly direction, oamed much of tho sediment derived 
from the Indian portion of Gondwanaland This sediment went to form the 
fossiliferous marine Palaeozoio strata now met with in the inner parts of the 
Himalayan, Hindu Kush, and more northern ranges, and also m the Salt 
Range and in Baluohistan. 

With the continued denudation of Gondwanaland to the south, this ancient 
land-mass was out up into a senes of wide valleys and lowland tracts and m 
these the fresh-water Gondwana strata were deposited Climatic conditions 
were apparently frigid during the lattor part of the Carboniferous period so 
that the upland regions separating the low-lying areas wore of sufficient altitude 
to support large ice-oaps—the source of the glaoial and fhmo-glacial conglo¬ 
merates of early Talohir times, which form the basal strata of the Gondwana 
system in India With a change to a warmer climate, vegotation of the type 
now represented in our ooal seams and in tho well-known Olossopter w flora 
commenced to flourish on this ancient continent and spread rapidly with the 
progress of time As a result, during the early Permian, immense volumes of 
deoaying vegetation were incorporated in the sand, gravel and olay debris 
that was eroded from higher levels, and these sediments were deposited over- 
lying the Talohir strata m a number of the valley areas of Gondwanaland 
These lower Permian sediments including the accumulations of vegetation are 
represented in the Barakar coal measures as met with today. They comprise 
some 2,000 feet of felspathic sandstones, conglomerates, days including fireolayB, 
occasional ironstones and the majority of India’s most important ooal seams 
In most of the areas of deposition, seams of coal were probably included but, 
as may be well imagined from tho varying nature of the conditions under which 
deposition took place, the thicknesses of the individual beds varied considerably 
from plaoe to place 

Regarding the conditions of formations, nowhere in India do we find 
definite evidenoe of a coal seam having been formed tn ettu as a result of the 
ooakfioation of an ancient forest, on the other hand, there is plenty of evidenoe 
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pointing to the drift theory of formation and it seems probable that, in at least 
the great majority of cases, the coal has been formed from accumulations of 
drift vegetation, earned down by the nvers and deposited in wide, low-lying 
areas of sluggish drainage 

In the case of the greater part of the area in question, conditions suitable 
for the accumulation of vegetable debns, to a sufficiently large extent to give 
rise to coal seams of workable thickness, ceased at the end of Barakar times 
and the succeeding strata include only sandstones, shales and ironstones 

In the oastom part of the present Damodar valley region, however, a 
sequence of‘barren measures’—some 2,000 feet in thickness—was succeeded 
during Upper Permian times by a second senes of coal-bearing strata, now 
represented by the Ramganj coal measures of the ltamganj and Jhana fields 
Following the deposition of higher Qondwana strata—sandstones, clays 
and conglomerates, including plant-remains in many places—the Gondwana 
deposits of the Indian peninsula were dissected by numerous faults, in most 
cases of the normal type, dunng late Mesozoic times These faults vaned 
in throw up to several thousand feet in a number of instances, displacements of 
at least 9,000 and 6,000 feet limiting the Ramganj and Jhana fields respectively 
on the south side As a result of this faulting, masses of the Gondwana strata 
were dropped down within the older—Archaean and pre-Cambrian—-rocks 
and were thus to a large extent preserved intact from the effects of sub-aerial 
erosion dunng the subsequent Tertiary era 

The Gondwana ooalfields of India as we see them today, therefore, represent 
remnants of a ooal-beanng sequence that was once much more widespread m 
its distnbution. 

In addition to faulting, the measures of the eastern part of the Damodar 
valley were intruded by a senes of ultra-basic dykes and sills dunng the late 
Mesozoio These in many instances played havoc with the coal seams, 
resulting in the large quantities of ‘jhama’ with which we are acquainted 
only too well today A closely associated senes of dolentio and basaltio 
dykes and sills were also intruded into the strata of peninsular India dunng 
late Mesozoio tunes. These intrusions, fortunately, had only a relatively 
limited effect on the coal seams 

The stage of maturity reached by the Gondwana coals vanes from matured 
bituminous in the oase of the Barakar seams of certain of the western Damodar 
valley areas to lees matured bituminous and sub-bituminous types in other 
areas and in the oase of the Ramganj coal measures 

The peninsular fields were apparently little affected by the intense earth- 
movements that gave rise to the Himalayan and related mountain ranges 
during late Tertiary times, but the extreme north-eastern part of the Indian 
portion of Gondwanaland was caught up in these movements, resulting in 
the sheared, coal-bearing Gondwana strata of the Dating field and adjoining 
areas. 



B. B. OBB : THE GEOLOGY OP INDIAN GOAL. 


As mentioned above, during a large part of the Palaeozoio and during the 
Mesozoio era the area north and north-west of Gondwanaland was submerged 
beneath a soa—named the ‘Tethys’—which stretched eastwards from Europe 
vta Persia and Baluchistan and contmuod further east into the Shan States 
The southern edge of this sea, during intervals of the Triassio and Jurassic 
periods, lay m the vicinity of what is now the Salt Range and Trans-Indus 
Ranges of the western Punjab As a result, in these regions the sediments 
deposited included not only marine fossiliferous strata but also sandstones 
and shales of ostuarmo origin Among these strata are to be found lignified 
fossil-wood, occasional pockets of coal and definite seams of coaly shale which 
pass locally into bands of impure coal But none, so far, havo proved of 
economic significance 

Towards the end of the Mesozoic, a large part of north-western India 
moludmg the western Punjab and southern Kashmir was uplifted above 
sea-level This newly-formed land-area was in places oroded and, under the 
influence of sub-aerial weathering, a well-marked bod of bauxite and latente was 
formed m a number of localities The latter marks the tune interval between 
the Mesozoio and Tertiary eras Closely associated with this latente during 
early Eooene (Ramkot) times, in the area west of the Indus river beyond 
Kalabagh, the Makarwal coal seam was formed Immediately following these 
events in the early Eooene, the sea again encroached across this northom 
India traot resulting m the deposition of foramimferal limestones, marls, 
shales and subordinate sandstones of vanablo thickness Local, though in 
places fairly widespread, estuanne and marsh conditions once again broke 
into this marine sequence and resulted m the formation during late Ramkot 
and possibly lower Laki times, of the thin ligmtic coal seam of the Salt Range 
and of Baluohistan and the thicker ooal deposits of Jammu province, Kashmir, 
whilst in addition the lignites of Palana, Bikamr State, were laid down That 
these coals were, m many oases, deposited m areas very close to the sea-coast 
(in oontrast to the Gondwana coal seams) is evidenced by the close association 
of foraminifera-beanng shales with the carbonaceous beds 

In all these areas, during the succeeding stages of the Eooene, marine 
conditions prevailed during which thick limestone and shale deposits were laid 
down. 

Late in the Eooene, the area in question was again largely uplifted above 
sea-level and, following a short period of erosion, the older strata were covered 
during middle and late Tertiary times by the vast thicknesses of lacustrine, 
fresh-water sandstones, days and conglomerates of Nimadrio (Murree and 
Siwalik) system. 

Late Tertiary to sub-Reoent earth-movements of organic type, culminating 
in the formation of the Himalayan, Sulaiman and associated ranges of northern 
and north-western India, together with the effects of rapid denudation, exposed 
the lower Tertiary and older strata as we see them today. 



B B GEE THE GEOLOGY OP INDIAN GOAL 


Turning to Assam, the geological evidence indicates that at least the 
western parts of that province formed a portion of Gondwanaland until Creta¬ 
ceous times During a part of the Cretaceous, the Tethys—or a branch of 
that sea—encroached across this north-eastern portion of the Indian Qondwana 
continent and marine sediments were deposited, remnants of which are seen 
in the southern outcrops of the Assam plateau 

As in northern India, uplift then recurred and the Mesozoic-Tertiary 
interval was marked by erosion and the local formation of latentic deposits 
on the exposed land surface Again, os in northern India, coal-forming 
conditions immediately succeeded during lower Eocene (Ramkot) times in the 
Qaro and Khasi hill areas and resulted in the formation of several seams of 
lignite, two of which are of definite economic importance It was these seams 
which were previously regarded as of Cretaceous age but Dr Fox, to whom 
I am indebted for the recent observations here recorded regarding the Assam 
coal measures, is of the opinion that they are all post-Cretaoeous in age 

Marine conditions followed, m south-western Assam, giving rise to the 
forammiferal Sylhet limestone stage during later Eocene times This limestone 
stage includes bands of sandstone with carbonaceous horizons and the latter 
locally thicken to a 4- to 5-foot seam of coal, now worked near Cherrapunji 
In Upper Assam, estuarine conditions prevailed during middle and upper 
Eocene times and gave rise to the important coal measures of the Ledo, Makum 
and adjoining areas Several coal seams, ligmtic and relatively high m sulphur, 
of an individual thickness of as much as 40 feet m places, were formed 

Following a break m sedimentation during the Oligooene, sedimentary 
deposition again set in during the middle and upper Tertiary resulting m an 
immense thickness of sandstone and shale strata 

Towards the end of the Tertiary era, the above-mentioned orogenic move¬ 
ments that affected the whole of northern Indian and adjoining tracts, caused 
the uplift, folding and faulting of the Assam area also and, combined with the 
effects of denudation, the ooal measures were exposed along the southern and 
south-western parts of the plateau and m the Upper Assam region 

In most instances, these Eocene coals of India have not matured beyond 
the ligmtio stage, but in parts of southern Kashmir, where the tectonic forces 
were locally more intense, semi-anthracitic coals have resulted. 
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By M S Krishna*, M A , PhD , F N.I , Geological Survey of India 
Introduction 

When the Coalfields Committee reported m 1920, it was keenly felt 
that the oountry should be in possession of facts regarding her resources m 
coal, though a rough idea was available at that time, as will be seen from the 
report on the Coal Resources of the World issued by the Xllth International 
Geological Congress of 1913 (Toronto session) This question was taken up 
by the Geological Survey of India, which constituted a party working under 
the direction of Dr C S Fox The greater part of the work was done by 1930 
and the results published m a senes of memoirs—one dealing with the Jharia 
field 2 by Dr Fox, a seoond on the Ramgan] field * by Mr E R Gee and a 
third on the Gondwana fields 4 by Dr Fox A fourth memoir on the Tertiary 
coalfields is now understood to be neanng completion. The available data 
were presented, four years ago, by Sir L L Fermor, m a paper entitled‘India’s 
coal resources’ 6 Since then no new data have come to hand though the Coal 
Mining Committee of 1936-37 had occasion to review this question m its 
report® 


Total and Workable Reserves 

The total coal reserves of all the Gondwana areas, to a depth of 1,000 ft , 
have been calculated as 60,000 million long tons, as shown in column 1 of Table 
I This would include all coal, good and bad, and all seams down to a foot 
in thiokness These quantities become considerably reduoed if only workable 
seams are taken into account, » e those having a thiokness of 4 ft or more 
and containing not more than 26 per oent ash on the moisture-free basis 
The results are given in oolumn 2 of the same Table 


1 Published by permission of the Director, Geological Survey of In d i a. 

• Fox, 0. S.—The Jharia Coalfield, Mem. Gtol. Sure. Ind., LVI (1030). 

• Gee, E. R.—The Geology and Coal Resource* of the Raniganj Coalfield, op oft., 
LXI (1932) 

4 Fox, 0.8.—The Lower Gondwana Coalfield* of India, op eft., LIX (1980). 

• Fermor, L. L.—India’* Coal Resource*. Butt Indian Indus, and Labour, No 04, 
Nee. Choi Sun. Ind., LXIX, pp. 836-802 (1930). 

« Report of the Coal Mining Committee, Chapter VL (1987). 
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Table 1 


Total and workable reserves 


Coal-bearing area 

Million tons 

1 

2 

Darjeeling foothills and E Himalaya 

Gindih, Deogarh and Rajmahal Hills 

Ramganj, Jharia, Bokaro and Karanpura 

Son valley—Auranga to Umana-Sohagpur 

Chhattisgarh and Mahanadi valley 

Mohparn to Kanhan and Pench valleys 

Wardha Godavari valley 

150 

350 

25,000 

10,000 

5,000 

1,500 

18,000 

20 

130 

10,000 

2,000 

1,200 

250 

6,400 

Total 

60,000 

20,000 


Coal of good quality 

Coal containing not more than 16 per oent ash on a moisture-free basis 
and occurring in seams 4 ft and over m thickness within a depth of 2,000 ft 
from the surface, will come under this oategory The estimates of such coal, 
according to Dr Fox, are — 

Table 2 


Oood quality coal 


Area 

Million 

tons 

Gindih and Jarnti 

40 

Ramganj 

1,800 

Jharia 

1,250 

Bokaro 

800 

Karanpura (North and South) 

750 

Hutar, Johilla, Burhar 

50 

Kuraaia, Jhikmli, eto 

30 

Taloher to Korba 

200 

Kanhan-Pench valleys 

30 

Ballarpur Singaram 

50 

Total 

6,000 


Of this amount, 3,600 million tons occur within a depth of 1,000 ft, and 
the rest between 1,000 and 2,000 ft Sir Lewis Fermor has modified the figures 
for Bokaro and Karanpura and as a result gives a smaller total of 4,600 tons 
It may be remarked, m passing, that some of the coalfields—e g those of 
Bengal, Bihar, Pench valley and Taloher—are being exploited intensively, 
and our knowledge of these is therefore more detailed and reliable than that 
of other fields Should it be possible to explore the less known fields fully 
by detailed geological mapping and by bore-holes, it is quite likely that the 
figures given above will be modified to an appreciable extent Tbs applies 
particularly to the Wardha-Godavari valley and to the Satpura area Dr. Fox 
has summarised the available knowledge on the various areas m his memoir 
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on the Lower Gondwana Coalfields and indicated where the data are meagre 
and where they are sufficiently satisfactory In any case, the estimates are 
well on the conservative side and any extension of our knowledge is almost 
certain to bring to light more reserves 

Reserves of Coking Coal 

A question whioh has been agitating the people interested m the metallur¬ 
gical industries is that concerning the reserves of coking coal in India So far 
as our knowledge goes, coking ooal of Lower Gondwana age is more or less 
confined to the Bengal and Bihar fields, especially Jhana, Ramganj, Gindih 
and Bokaro In Table 3 are given Dr Fox’s estimates of good quality coking 
coal to a depth of 2,000 ft and Sir L Fermor’s modification thereof 


Tabus 3. 

Reserves of Coking Coal 


Field 

Reserves (Million tons) 


(Fox) 

(Fermor) (a) ( b) 

Ramganj 

260 ! 

241 (73 + 108) 

Jharia 

900 

900 (737+ 103) 

Oiridih 

30 

38 (38+ 0) 

Bokaro 

320 

615 (270+ 245) 

Total 

1,600 

1,094 


(a) Down to 1,000 ft depth. (6) 1,000-2,000 ft depth 


On the basis of information supplied by Dr E Spencer of Messrs Bird 
& Co , Sir Lewis Fermor has included about 360 million tons of the reserves 
of Karanpura under semi-coking coal which, when properly blended, may yield 
a suitable coke for metallurgical purposes 


Tabu 4. 

Good quality ooal and ookxng ooal reserves at the end of 1988 


Area. 

All good 
quality ooal 

Good quality 
oolong coal. 

Grndih and Jamti 

22 

20 

Ramganj 

1,763 

1,210 

280 

800 

Bokaro 

795 

316 

Karanpura (North and South) 

760 


Hutar, Johilla, Burhar 

60 


Eurasia, Jhihxub, ©to. 

27 


Talchir to Korba 

198 


Mohpam, Kanhan-Pench 

30 



46 


Total 

4,890 

1,426 
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The Coal Mining Committee of 1937 had the opportunity of bringing these 
figures up to date (t e to the end of 1936), using Dr Fox’s estimates as the 
basis (see p 62 of the Report) These are given m Table 4 Allowing for the 
depletion of the reserves during 1937 and 1938, the above figures will be reduced 
roughly to 4,860 and 1,400 million tons respectively 

There are no published figures of the reserves of Tertiary coal, but according 


to Dr Fox the approximate figures are as follows.— Million tons 
Upper Assam 1,000 

Khasi and Garo Hills 1,000 

Punjab, Kashmir, N W F P and Baluchistan 200 

Bikaner 100 

Total 2,300 


Having briefly roviewod our resources, it will be interesting to give a 
rfaum6 of the knowledge of the coal resources of the world The International 
Geological Congress Report gave the total as 7,397,660,000,000 tons of which 
09% was m North Amenca, 17% m Asia, 11% in Europe, 2% m Oceania and 
barely 1% m South Africa and South Amenca Table 6 is reproduced from 
‘The World Coal Mining Industry’ (p 39) issued by the International Labour 
Office in 1938, which is itself a reproduction from the Statistical Year Book 
for 1933-34 of the World Power Conference As foot-notes to this table I have 
given the latest figures available for a few countnes, the greatest divergence 
being noticeable especially in the case of China 
Table 5. 

World reaouroea of eoal and lignite 

From IL O Report on World Coal Mining Industry, 1938, p 39, as quoted from 
Statistical Tear Book for 1988-34 of the World Power Conference 
(In millions of metrio tons ) 



Date 


Brown coax and 


of 



Lignite 


report 

Proved. 

Probable 

Proved. 

Probable 

Europe 






Austria 

1930 

13 

19 

611 

2,337 

Belgium 

1913 

11.000 a 



Bulgaria 

Chechoslovakia 

1934 

1982 

6,450 

1 

25,000 

500 

12,500 

1,000 

Franoe 

1935 

6,000 

17,000 

1,600 

1,600 

Germany (A) 

1922 

80,440 

279,500 

28,837 

66,758 

Hungary 

1982 

200 

200 

1,550 

1,550 

Ireland 

1984 

107 




Italy 

Netherlands 

1913 

1 

146 

51 

100 

1913 

212 

4,474 b 



Norway 

Poland 

1933 


8,000 e 



1934 

14,000 

47,790 

1,500 

5,000 

Spain 

1918 

4,500 d 

5,500 d 

Sweden 

1938 

97 

105 



USSJt (B) 

1933 

295,900 

998,000 

12,890 

202,000 

United Kingdom 

1933 

129,500 

176,000 



Yugoslavia 

1913 

2 

33 

58 

250 
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Tabus 5—eontd. 



Date 

of 

report 

Coal 

Brown coal and 
Lignite 

Proved 

Probable 

Proved 

Probable 

North America 






Canada 

1913 

30,319 

242,400 

391,260 

672,686 

United States 

1928 


2,040,640 


852,128 

Alaska 

1913 


3,664 


16,660 

South America 






Argentine 

1933 

0 

60 



Chile 

1913 

2,116 




Peru 

1919 


1,000 



Africa 






8 Rhodesia 

1913 

420 

670 



8 Africa 

1927 

7,914 

206,682 e 



Belgian Congo 

1913 


100 



Nigeria (q) 

1934 

114 

3,360 


11,866 

Tanganyika 

1934 

800 

U 



Fr Morocco 

1934 

30 




Asia (D) 






Chma (C) 

1913 


10,112,000 



Manchuria 

1913 


1,129 



India 

1932 

6,000 

20,000 



Brit Borneo 

1934 

0 

0 

3 

13 

Japan 

1932 

6,895 

16,218 

66 

473 

Chosen 

1913 


5,586 


27 

Australasia 






Australia 

1027 

20,900 

139.400/ 

10,620 

U 

New Zealand 

1934 

480 

1,400 

80 

600 


U—Not available (o) Within a depth of 1,600 metres (6) ‘Actual, probable and 
possible reserves ’ (c) In Spitsbergen (d) Includes lignite (e) ‘Proved, estimated and 
undetermined resources’ of which ‘proved and estimated’ amount to 21,624 million 
metric tons (/) Large areas still remain unprospected and the figures do not include 
them (g) Includes Cameroons under British Mandate. 

(A) 288,720 million metric tons of coal down to 2,000 metres (Thtrd World Power 
Conference, 1936) 

(B) Goal and Lignite in European U 8 8 B 113,864 million metno tons, in Asiatic 
part 1,603,997 million metric tons (17th International Geological Congress, Mosoow, 1937). 

(C) 260,000 million metno tons (Third World Power Conference, 1938). 

(D) Indo-Chma 12,000 million metno tons (Afin Met,, p 333, July 1939). 






INDIA AS A COAL PRODUCER 1 


By M S Krishnan, M A , Ph D , F NI , Geological Survey of India 
World production 

The total world production of coal and lignite has been steadily growing 
since 1860, except during the last decado when the world witnessed an unpre¬ 
cedented economic depression The production during this period is given for 
a few representative years 


Year 

Million 
metric tons 

1860 

138 

1870 

236 

1880 

337 

1890 

613 

1900 

772 

1910 

1,166 

1913 

1,346 

1923 

1,369 

1929 

1,669 

1936 

1,446 


The peak production waB m the year 1929, but it is expected that it will 
be exoeeded in 1938, though the final statistics for the latter year are not yet 
available 

The output of the chief oountnes is given in Table 1 from whioh a general 
idea of the relative importance can be gamed The United States, Germany, 
United Kingdom and USSR are now the chief producers, followed far behind 
by a group comprising France, Japan, Poland, Belgium, India and China 
India thus occupies about the ninth or tenth place in order of importance. 
(See figure 1) 

Indian production 

Table 2 shows the output of the principal fields of India since the beginning 
of the present century. By far the largest part comes from the Lower Gond- 
wana fields oonfined to eastern India in the Damodar-Son, Mahanadi and Goda¬ 
vari valleys and the Chhattisgarh and Satpura regions The Gondwana 
coal occurrences of the eastern Himalayan regions are of little or no eoonomio 
importance. Amongst the Tertiary fields those in Assam are the most 
important. 

i Published by permission of the Director, Geological Su r vey of India. 
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The aggregate output of the Tertiary fields was a httle over 5 per oent of the 
total at the beginning of the oentury but it has dwindled to about 1*8 per oent 
at the present tune (See figure 2.) 

Of all the Indian fields Jharia and Ramganj are much the most important 
because of their large production and also because of their oontaming exoellent 
coal and being the nearest fields to one of the largest consuming oentres of 
India. 
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1,1*4 1,226 1,339 1,357 1,372 1,366 1,470 1,46* 1,569 1,413 1,268 1,124 1,176 1,284 1,329 1,446 1,515 
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There is a mail production in Nigeria, Belgian Congo, Algeria, French Moroooo and New Caledonia , these are included myW the 
Ja for Afrio* and Oceania. 
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In Table 3 are shown the output of countries on the Indian Ooean and 
Western Pacific sea-boards whioh are India’s actual or potential competitors 
At present, South Africa is a keen competitor of India not only m her foreign 
markets but also often in parts of her domestio market A point worthy 
of note is that Indo-China w a producer of excellent anthraoite which finds 
a ready market not only m China and Japan but also farther afield In faot 
Canada took more than 86,000 tons of Indo-China anthraoite in 1937. 


General trends in coal production 
Taking the world production of bituminous ooal and anthracite for the 
decade 1926-36, the average annual figure comes to about 1,234 million metric 
tons The International Labour Office has calculated that, at that constant 
rate, the world reserves will last for about 37 centimes (World Coal Mining 
Industry, 1938, p 40) Table 4, reproduced from the above-mentioned publi¬ 
cation, shows the reserves of a few important countries and the calculations of 
life based on different assumed rates of production 


Table 4 —.Probable it/e of coal reserves 


Country 

Reserves 
to 2,000 
metres 
depth 

Average 

annual 

production 

1925-35 

Probable life 

At 

constant 

production 

With yearly increase of 

0 5% 

2% 

Million metric tons 

Years 

World 

4,600,000 1 

1233 5 

3,730 

595 

217 

United States 

1,975,000 

635 8 

3,686 

593 

217 

USSR. 

1,075,000 

30 3 

35,478 

1,037 

330 

Great Britain 

200,000 

230 3 

868 

329 

147 

Germany 

289,000 

148 1 

1,951 

470 

186 

Poland 

188,000 

37 8 

3,661 

590 

216 

Canada 

286,000 

113 

25,310 

969 

314 

China 

220,000 

16 5 

13,330 

842 

282 


There are now more than 60 different countries which figure m statistics 
as ooal producers Taking the ooal output of the world m 1936 at 1,280 
million metric tons (all kinds converted to a standard bituminous type on the 
basis of oalonfio value), this would be equivalent to 87 7 per cent of bituminous 
ooal, 7*6 per oent anthraoite and 4*8 per oent lignite. 

It is an interesting fact that the production of ooal in 1913 was about 
the same as m 1936, though there has been considerable ohange m the contribu¬ 
tion of different countries towards this total. For instance, USA and 
Great Britain produoed nearly two-thirds of the total in 1913 whereas they 
were responsible for only hSlf the total m 1936. In 1913 the aggregate produc¬ 
tion of Russia, Japan, China, India and South Africa was only 7 per cent of 
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the total while in 1936 their contribution rose to about 17 per oent The 
Soviet Union has forged its way to the front rank during the last decade or so. 

At present over three-fourths of the world production (of coal equivalent) 
is from four countries, and over nine-tenths by ten countries as will be Been 
from the percentages of output in 1936 — 


USA 

Per cent 

344 

Great Britain 

18 1 

Germany 

16 2 

USSR 

87 

Prance 

3*6 

Japan 

30 

Poland 

2-3 

Belgium 

22 

India 

1 8 


Czechoslovakia 

Per oent 

1 7 

China 

1*6 

S Africa 

1 2 

Netherlands 

10 

Manchuna 

09 

Australia 

09 

Canada 

09 

Others 

26 


It will thus be seen that the production is still greatly concentrated in a 
few countries which have made rapid progress in the mechanised industries 
Still more striking is the fact that a small group of fields in the world (Table 6) 
is responsible for a very large part of the output 

Tabus 5 —Production by the chief districts in 1936 

Million tons Percentage of 


District 

(Coal 

equivalent) 

world out] 

West Virginia (USA) 

100 6 

83 

Pennsylvania „ 

08 6 

77 

Penn anthracite „ 

49 8 

39 

Illinois „ 

466 

36 

E Kentucky „ 

36 6 

28 

Indiana Iowa ,, 

101 

16 

Ruhr-Aachen (Germany) 

116 1 

9-0 

U and L Silesia „ 

26 2 

20 

Central lignite fields „ 

16 2 

12 

Saar „ 

117 

00 

East Upper Silesia (Poland) 

221 

17 

Donets (USSR) 

76 2 

69 

Kusnets „ 

17 3 

13 

South Wales (England) 

34 4 

2*7 

Durham „ 

31*9 

25 

S. Yorkshire „ 

80-7 

24 

Pas-de-Calau-Nord (France) 

28-6 

22 

Charleroi-Mons (Belgium) 

11*9 

0*9 

Bengal-Bihar (India) 

19-1 

1*5 


The gradual shift that is taking plaoe in production is to be attributed 
to a large extent to the growth of industrialisation Other factors affecting 
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the consumption of coal are advances in fuel effloienoy and the displacement of 
coal by petroleum and water-power. 

Though coal figures as one of the most important mineral products, 
only 10 per cent of the world production enters into world trade, for the 
producers are also important consumers Countries deficient m ooal try to 
develop water-power as in the case of Scandinavia, Switzerland and Italy 

There is every indication that production will go on rising in many coun¬ 
tries, depending on the extent of their coal resources and rate of development 
of industries This is particularly true of the newer industrial countries of 
Asia and Africa 



CONSERVATION OF COAL 


By M S Kbishnan, M A ,PhD ,F NI, Geological Survey of India 

The term ‘conservation’ as applied to any assets connotes their preserva¬ 
tion In the case of irreplaceable or wasting assets like minerals it oan only 
mean the avoidance of waste in all phases of handling, and the careful and wise 
utilisation of the deposits The conservation of ooal will therefore necessitate 
careful control of mining, processing, bonefioiation, transport, distribution 
and industrial use True conservation will not be attained unless every one 
oonneoted with any phase of winning, trade and utilisation of the mineral takes 
steps to see that no waste takes place 


The first step towards conservation is the acquisition of knowledge of 
the available resources of the country As dealt with m another paper in this 
symposium, conservative estimates show that India possesses about 20,000 
million tons of workable coal within a depth of 1,000 feet from the surface 
Good quality coal (* e coal with less than 16 per cent ash on a moisture-free 
basis) amounts at present to about 4,860 million tons within a depth of 2,000 
feet. Of this again, only about 1,400 million tons are good coking coal This 
inventory is a good approximation to truth on the data available at present 
With more detailed data and the inclusion of seams thinner than 4 feet m the 
estimate, appreciably larger reserves may be available 

Life of the reserves 

A certain definite proportion of the reserves is not mineable sinoe some 
waste is unavoidable in mining Peculiarities of structure and composition, 
faulting, crushing, proximity to igneous intrusives, etc have all some influence 
on mining and on the amount that could usefully be recovered Hence calcula¬ 
tions of the life by a simple division of the reserves by the present or estimated 
future consumption will be falsified by a large margin 

Best matenal usudUy worked first 

There is also the natural human tendenoy to get at the best material first 
and exhaust it before any serious thought is given to the poorer qualities 
available The exploitation of all minerals m all countries has been, and still 
is, subject to this tendency. If the best seams are worked first, parts of these 
and much of the lees attractive material m the contiguous strata become spoilt 


i Published by permission of the Director, Geological Survey of India. 
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or even unworkable at a later date, unless special precautions are taken in due 
time The less accessible areas are naturally left over for future exploitation 
Thus, as the market demand steadily mounts up, the price of the commodity 
also goes up because of the higher expense of mining at depth and of the greater 
difficulties to be overoome, and also the longer haulage to the consuming 
centres 

We are quite familiar with the phenomenon of the ordinary consumer m 
India buying coal by the name or the number of the seam whioh has an estab¬ 
lished reputation on the market, rather than on analysis and other scientific 
ontena This leads to the continued exploitation of particular seams while 
the others may suffer simply because they are not sufficiently well known 
Again when part of a seam is of high quality, only that portion is worked 
while the rest is neglected and not infrequently wasted 

Incidence of freight 

In a large country like India with a limited geographical distribution of 
the coalfields, the cost of transport becomes an important and often the 
paramount consideration Thus, Lahore or Peshawar has to pay, in freight, 
five or six times the pit’s mouth value of the coal from Bihar, Plaoes west 
of Nagpur have often to be oontent with the second grade coal produced in the 
Central Provinces because the oost of Bengal or Bihar coal is double or treble 
that of the local coal In the fields producing different grades, the demand is 
generally brisk only for the best grades, unless price differences are sufficient 
to enoourage the use of lower grades or unless researoh has proved that certain 
particular types are best suited for specific Uses 

Underground mining 

Underground mining m India involves at present a heavy loss of coal m 
the seams It was estimated by the Coal Mining Committee of 1936-37 that 
only 60 per cent and 50 per cent respectively of the coal in pillars in the Ram- 
ganj and Jharia fields is being recovered at present This would mean that 
roughly 25 to 40 per cent of the original coal in the seams is irretrievably lost 
under the present methods of working 

Disadvantages of deep mining 

In some European countries it has been found neoessary to work seams 
3 feet or less in thickness, because thicker seams have already been worked 
out or are not able to meet all the demand In Belgium, for instance, some 
seams barely 20 inches (51 om) thick, and having comparatively high dip, 
are being worked at a depth of nearly 4,000 feet Suoh conditions involve 
high engineering efficiency, costly mechanical equipment, and high mainte¬ 
nance and labour costs concomitantly with less production per man-shift, 
all these factors inevitably increasing the oost of the commodity. In the above 
instance, the output per man-shift is only about l ton, whereas in working 
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seams of 6 to 7 feet thickness under moderate depths with the same mechanical 
facilities the output is 4 to 5 tons Though we, m India, are still far from the 
period when thinner and inferior seams will regularly have to be worked, it 
would be well to recognise and emphasise the evils of prodigality m the early 
stages of intensive exploitation and be forewarned about the future 

Geological factors 

The geological structure of the seam and the nature of the floor and roof 
limit the recovery to some extent Coal has often to be left m the roof, 
especially of thick seams, and whero the roof is weak, also m panel walls, 
pillars and boundaries, and around the shaft bottom It has also to be left 
to support surface structures, railways, roads, stream beds, etc Local patches 
of low quality and undulations or rolls in the seams are aho sources of loss 
It has been pointed out by the Coal Mining Committee that some portions of 
the seams which are worked for export are of low grade and are not worked 
In this case, part of the responsibility for ultimate loss rests upon the State 
since it is prohibited by law to work the ungraded and graded coals at the same 
time As a general statement it is true that only the best and cheapest worked 
coal is mmed and an appreciable portion of the reserves is left behind and 
lost at least in part Such loss is undoubtedly ‘avoidable waste’ and militates 
against conservation 

Mining methods 

The system of mining has to be adapted to the peculiar local conditions 
in the field and the structure of the seams in order to avoid losses to a minimum 
Sinoe the seams are thick in India and the mining system followed is the 
‘pillar and stall’, the question of pillar extraction presents great difficulties 
unless adequate measures are taken for the support of the roof The measures 
now being taken by the Government of India for the enfoi cement of universal 
sand-stowing will go a long way towards the realisation of conservation 

Machine mining 

It may be mentioned in this connection that mechanisation of mining 
operations is not always conducive to the avoidance of loss. Certain types 
of equipment (e g face conveyor and scraper) permit of mining thin seams with 
high recovery If, however, the seam contains layers of poor quality, machine 
mining cannot be as discriminating as hand mining, with the result that the 
grade of ooal is brought down or an appreciable part of the better portion 
of the seam is left behind Under certain circumstances, therefore, mechanical 
mining is muoh less flexible than hand mining 

Labour 

Increasing effiaenoy of labour and the use of labour-saving devioes will 
make for lower cost of production, and incidentally greater safety. Labour 
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is cheap in India but comparatively inefficient, but there is no reason why it 
could not be trained to better efficiency The proper observance of mining 
rules and regulations depends ultimately on intelligent and responsible labour, 
and though mining regulations aim primarily at Rafety they also indireotly 
aid in conservation 

Reopening of abandoned mines 

Private agonoies oan function only so long as thoro is a reasonable prospect 
of profit Stnoe industries in most countries are sensitive to fluctuations and 
vagaries of trade, premature abandonment of minos (»e with partial recovery 
of coal) is fairly common Once a property is partially worked and then 
abandoned, it is difficult to reopen it, for this would involve heavy additional 
expenditure m pumping, reconditioning, support, etc In several cases it is 
quite uneconomic to reopen such properties and try to recover the unmined 
coal. 

Rehabilitation of ike surface 

Finally, mined areas often present a desolate and ruined aspect, caused 
by collapses and fires This is already assuming appreciable proportions in 
some of our important ooalfields We oan also imagine what the large open¬ 
cast mines m the Bokaro field will look like when finished with The collapsed 
and min ed areas could profitably be repaired and re-graded so that they could 
be afforested or made fit for agricultural purposes 


Some economic aspects 

In countries whioh do not exercise much oontrol over the industry, the 
market is highly competitive, and the producers naturally want to mine the 
ooal as oheaply as possible Suoh conditions generally enoourage waste 
It then becomes the duty of the State to enforce certain necessary steps for 
the prevention of waste, ensuring at the same time that no class of producers 
suffers a handicap thereby in comparison with others This means inevitably 
a slightly higher cost of production which will be passed on to the consumer, 
but this saonfioe on the part of the latter becomes a national necessity For, 
if the oonsumer is reluctant to pay a little higher price now, he will be forced 
to pay a much higher sum in future for a distinctly inferior product Under 
good and efficient management it is possible to obtain a higher reocrvery of 
ooal without material increase in cost, within limits The oomplete reoovery 
of pillars and roof ooal, however, generally means extra cost, but there is the 
countervailing advantage that a larger tonnage is recovered from the same 
mine, there being some savings in oertain items of cost such as the general 
equipment, ventilation, haulage, eto. The land-owner gets more money as 
royalty from the same property, as also the taxing authorities. The charges 
for depreciation of the value of the mining property are spread over a longer 
period and over a larger tonnage of output 
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These considerations will apply in varying degrees to different properties 
In the case of the very long leases of the early days whioh were given under 
extremely cheap rates—e g some of the very early leases given by the Per¬ 
manent Settlement landlords of Bengal and Bihar—it may not be at all 
profitable for a concern to work the small amount of extra coal On the other 
hand, certain items are always more costly, such as de-pillanng, timber supports 
and labour Considering all the factors, however, the extra cost per ton 
spread over the whole of the resources of the mine will be very small and will 
not seriously affeot the market price in most cases 

The steady or intermittent nature of the operations has an important 
effect on cost, since a steady output is always conducive to better planmng, 
ordered development and lower costs 

Regarding the effect of complete recovery of coal on surface subsidences, 
there should not be a great deal of difference between partial recovery and 
complete reoovery, for even if pillars are left to support the surface, they tend 
to become crushed m time and produoe sags and cracks. Unless there are 
costly structures on the surface, the expense of re-grading the surfaoe for 
agricultural purposes will not tell seriously on the oost of recovery of the coal 
which would otherwise be left unworked 

Much the most important obstacle to complete recovery is the keen 
competition in an uncontrolled market Unless it is made worth while for 
the lessee to win the extra coal, t e unless there is a market for the extra 
coal, whioh may be sometimes of a low grade, it will be impossible to mduoe 
him to take the trouble of mining it It is therefore imperative that the 
question of the additional cost mvolved should be studied in all its aspeots 
and measures adopted to enable the industry to take the necessary steps for 
ensuring conservation In the last analysis, this will necessitate not only 
production control but also pnoe control 

Excess capacity is a co mm on feature, at the present day, of the mining 
and manufacturing industries of many countries, particularly of those which 
have had an early start m industrialisation It also happens that an enormous 
impetus is given to the increase of productive capacity during times of onses 
like wars, but generally no steps are taken to reduce the oapacity to normal as 
soon as the oris is passes Thus overproduction lingers on with its attendant 
disability—prioe cutting and out-throat competition Control of production 
is the only remedy for this state of affairs 

Conservation in preparation and use. 

Great progress has been made in recent years in the preparation of the 
coal for the market by sizing and cleaning Sizing enables the oonsumer 
to use the material straight in the form in whioh it is delivered to him and whioh 
suits his purpose best. Sizing of the product is an essential operation at the 
pit-head in many countries for this classifies the material for the market and 
is also a preliminary to the oleamng operation which is becoming quite common 
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Cleaning makes it possible to recover part of the coal whioh might otherwise 
find its way to the dumps Moreover, fine coal produced during the mining 
operations could bo brought to the surface and cleaned and sold instead of 
being left underground to become a source of danger through liability to 
spontaneous oombustion, production of coal dust, etc In countries where coal 
cleanmg has become common, tho oonsumer has begun to appreciate the value 
of a clean product Moreover the cleaned product pays freight only on the 
material whioh is usable and not on the impurities, for instance, coal with 10 
per cent ash is paying freight unnecessarily on a tenth of its weight between 
the pit-hoad and the consumer’s stockyard Hence coal preparation also 
makes for conservation 

The ooal, when it reaches the oonsumor, should be put to the best use 
possible. Research and experience have proved that certam coals are best 
suited for certain purposes In the case when coal is used as a general fuel, 
prevention of the loss of valuable by-products is a necessary measure of conser¬ 
vation Recovery of by-produots will not be an economic proposition unless 
there is a market for them But it must be remembered that markets do not 
come into existence by themselves but have to be oroated and carefully de¬ 
veloped As an example might be cited the case of mckol which came into 
prominence during the Great War, but which has now assumed enormous 
importance as a peace tune motal through intensive research and propaganda 
by the producing companies It should therefore be quite possible to put 
on the markot oarbomsed coal from which the greater part of the volatile 
materials have been extracted Various methods of carbonisation, improve¬ 
ments of fuel efficiency, manufacture of liquid fuels from coal, etc should 
therefore be studied in relation to the types of coal available in the country 
We are nowadays producing appreciable quantities of soft coke by the crudest 
of methods, completely wasting all the valuable volatile constituents The 
recovery of these products will be a useful measure of conservation There 
is much scope in India for the manufacture of motor fuel from ooal, since 
the petroleum resources of the country are limited Countries similarly 
situated with regard to domestio petroleum —eg England, Germany and 
Japan—are now engaged in meeting the deficiency by using ooal as the raw 
material for the manufacture of liquid fuel Again, with two important 
ooalfields within easy reach of a great consuming centre like Caloutta, it 
Bhould be possible to produce much of the power requirements cheaply m a 
few large oentral power stations based on coal 

There is a vast field for research in Indian ooal A few lakhs of rupees 
spent on researoh will result in several-fold return to the country in the shape 
of prevention of waste, improvement of fuel effloienoy and the starting of 
new industries to supply many of the articles which the country is now forced 
to import at great cost 



COAL IN RELATION TO METALLURGICAL OPERATIONS 

By Cybil S Fox, DSc, MI Mm E , Geological Survey of India 

Although the total world output of ooal averages one thousand million 
tons annually, only one-fifth of it is used as a raw material (16 per cent m 
the preparation of coke and 6 per oent m gas works) and the remainder is all 
used as fuel and most of this ooal is burned for stoam raising In India, where 
the ooal production during 1938 was over 28 million tons, barely 2 6 million 
tons or about 9 per cent was used as raw material, most of it for ooke making, for 
the smelting of iron ore and the preparation of steel 

Thus by far the greater part of the coal raised in India is burned raw as 
a fuel In this connection I would like to say that the calorific value of Indian 
coals from the Damodar Valley fields averages from 13,600 B T U’s per 
pound m the best qualities to somewhat more than 11,000 BTU’s m the 
inferior grades, but 13,000 B T U’s may be taken as a mean ot the coals now 
being exploited In the case of the high moisture coals of the Central Provinces 
the average oalorific value may be taken as 11,000 B T U’s per pound 

Physical chemists m India have complained that there is a tendency 
towards misunderstanding in the use of the terms B T U’s per pound and 
calories if the latter term is not made quite clear ,»e whether we mean kilo¬ 
gram-calories or calories per pound Since one kilogram equals 2*204 pounds 
and one degree centigrade represents 1*8 degrees fahrenheit, it is dear that 
one kilogram-calone must equal 3 968 B T U’s If therefore we adopt 
the term oalone for kilogram-calories we cannot apply it to any other measure 
Now returning once more to the subject of fuel for metallurgical processes 
it is of interest to consider the ooke in a blast furnace It is estimated that 
about 1*8 tons of iron ore with 1*1 tonB of ooke will normally yield one ton 
of pig iron In the process of smelting about one-third of the coke, say 7 cwts 
m this case, is actually involved in the reactions which result m the reduction 
of the highly heated iron ore to produce the iron. Here again, then, the 
major part of the ooke, two-thirds, is consumed in heating and melting the 
oharge m the furnace 

If we examine the metallurgical processes involved m dealing with 
oopper, lead, zinc or other ores we find very little insistence on the nature 
of the fuel and in fact there is a tendenoy in almost all these oases to adopt 
electrical energy for heating. In the case of aluminium there oan of course 
be no other as the process at present employed is both eleotro-thermio as well 
as eleotrolytio. The great difficulties m sine extraction, due to the necessity 
of lining a distillation prooess, are being partly met by electric methods of 
heating. One may go on repeating various oases. 
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It is when we oome to questions of making ferro-alloys and special steels 
that the question of their preparation in this country becomes direct India 
and Burma have become noted for the chromite, manganese and tungsten 
(wolfram) ores which are almost entirely exported It is thus a question 
whether these important substances cannot be used for the preparation of ferro¬ 
alloys in this oountry, and this again brings in its train the problem of coal 
as a direct fuel vs elootrioity obtained from coal or from water-power Except 
m speoial instances, as in the oase of the Mettur projeot, where the eleotno 
energy is a by-product water-power cannot be as attractive as coal in a 
coalfield’s power station for the generation of electric energy 

The mam problem is that of cost Can we generate eleotno energy from 
coal at so low a price as to carry on the manufacture of say ferro-manganese in 
the Central Provinces whore noh manganese ore is available but the coal is of 
a relatively low calorific value ? If eleotno energy oan be generated cheaply 
enough for the electro-metallurgy of ferro-alloys in India, can it not be used 
also for the eleotno smelting of iron ore in a modified blast furnace on the 
Trdlhatten (Swedish) pattern! Again I must say that it is a question 
of cost 

Theoretical calculations show that raw coal used direct will be the cheapest 
fuel unless the cost of the equivalent amount of coke is as cheap, and, again, 
whether the eleotno energy can be generated at a cost where the electncal 
power is equal to 0 66, * e two-thirdB, of the cost of the coke These are 
questions of importance and of a 'fundamental character They are simple 
and involve principles we have to consider when examining how the conditions 
may be satisfied 

Appendix I 

Electncal power and energy 

1. One Kilogram Calone or Cal — 2-2 CaXbe 

- 3-88 B T.U’s 

— 1,000 gram oalones or Cals 

One Pound Calone or CaXb. — 453 6 „ „ 

One B T.U.- $ Calbe. -262 
One Evaporative Umt — 976 B.T.U's 

2. One amp. through one ohm produoea 0-238882 cals, per seo , » e one 
watt — 0-238882 cals, per 860 .- 0*0568776 B T U’s. per mm. and one 
kilowatt or Kw.— 14*3329 cals, per nun. One kilowatt hour — 859-974 
oak- 3412-66 B.T.U’s* 

3 As the year contains 8,766 hours one kilowatt continuously produced 
for a year yields 29,895,902 or say 30 million B.T U’s whioh is somewhat less 
than that yielded by one ton of good coal averaging 14,000 B T U's. per lb. 
whioh equals 31 million B.T.U's and since one E H.P. year is 22,320,000 
B.T.U’s the heat value ei coal is 1| E.H.P. year also one lb. of coal produoea 
as muoh heat as 4 Kw. hours. (See above *.) 
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4 Thus when a consumer pays 2 annas per umt for eleotno energy 
(light) where ooal costs Rs 8 per ton, the ratio of the eleotnoal heat 
Rs0-2-0 X 8766x l\ * Rs 1,461 to Rs 8 the coal heat is as 180 to 1 And wa 
generating station where the umt is one pice and ooal is Rs 2-8-0 the ratio will 
be over 200 to 1 and cheaper units should be possible 

5 Efficiencies of furnaces for melting metals• 


Coke-fired crucible steel furnace 
Reverberatory furnaces 
Regenerative open hearth (steel) 
Shaft furnaces (oupolas, etc ) 
Large eleotnoal furnaces 


2 to 3 per oent 
10 to 15 „ 

20 to 30 „ 

30 to 60 
60 to 85 


It is thought that similar efficiencies would be obtained for the same furnaoes 
if employed for smelting ores 


(‘ The Eleotno Furnace ’ (1014) by Alfred Stansfleld, 2nd Edn , p 40) 


Appendix II 


Melting temperatures of metals and heat required 


Metal 

C° 

F a 

CaLb 

BTU 

Watt hours 

Tin 

232 

450 

28 

51 

15 

Lead 

327 

620 

16 

28 

8 

Zino 

419 

788 

68 

122 

36 

Aluminium 

657 

1214 

256 

465 

138 

Brass (85 Cu) 

920 

1688 

130 

234 

60 

Copper 

1083 

1983 

162 

292 

86 

Cast Iron 

1200 

2192 

245 

441 

129 

Tool Steel 

1425 

2600 

300 

540 

158 

Wrought Iron 

1500 

2737 

343 

817 

181 






COAL IN RELATION TO POWER 
By Cybil S Fox, D Sc, MI Mtn E , Oeologtcal Survey of India 

It is unnecessary to discuss questions of power from the sun’s heat, the 
tides, or the wind, as these are not serious considerations at present when 
we can secure relatively oheap power by well-known methods from hydro- 
eleotno sites, fuel oil and ooal It is to these I will draw attention 

Water-power has come to be understood as one of the cheapest means of 
supply beoause the cost at Niagara Falls, Kinlockleven (Scotland), and m 
Norway and Sweden are said to average, respectively, Rs 60, Rs 28 and Rs 16 
per kilowatt year or from 0 10 to 0 03 annas per unit (kilowatt hour) 

This kind of oheap power may be available in this oountry when the 
discharge water is saleable for irrigation purposes and the storage dam a part 
of an irrigation scheme This is the case at the Mettur projoct m Madras 
which is also close to a railway and to deposits of magnetite and magnesite 
fob the possible preparation of electrically smelted special steels and metallio 
magnesium 

With regard to oil fuel the demand may be gauged by imports of nearly 
£2,000,000 from Iran, while the imports of Burmoso petrol (£2,000,000) and 
kerosene oil (£4,600,000) are Btill highor These are all costly items and as 
India produces only about 76 million gallons of petroleum (£1,000,000) the 
threat of imported oil fuel for power purposes oan be discouraged by attending 
to the subjeot of liquid fuel by-products from Indian ooal. 

In 1938 the Indian production of ooal was over 28 million tons valued at 
Rs 1,064 lakhs (£8,000,000) and of this total perhaps one-ninth was used as 
raw material m making hard coke or in manufacturing gas The remainder 
was burnt raw as fuel, largely for steam raising for power purposes in various 
industries, on the railways and for ships And most of this coal, which was 
used as fuel, was burnt as raw ooal 

If we consider that, say, 21 million tons of ooal were burnt raw, we also 
oonjeoture a vast loss of noh gases, upwards of200 millions of gallons of valuable 
tars (saleable at £2,600,000—Rs 330 lakhs) and other by-produots However 
much we may at present deplore this, we must face the actual facts of the 
case, and these are that the raw coal is oheap and may be burned with great 
thermal efficiency m boilers. 

The average pit mouth’s value of Indian ooal in the chief producing area 
of India—the Damodar Valley—is probably Rs 2-12-0 and might sometimes be 
reduoed to Rs.2 in many cases The calonfio value of these coals vary from 
over 13,000 B.Th.TJ’s. per lb to 11,000 B.ThU’s. and the average oan be 
taken as about 12,000 B.Th U’s. This represents nearly 27 million B Th U’s. 
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per ton so that roughly 2*5 tons of ooal oan yield 2 kilowatt years of electrical 
power (3 electrical horse power years) 

Turning now to the generation of eleotncal power in praotioe we have to 
allow for losses in transfer of heat through meohanioal energy to eleotncal 
power whioh, m an overall system of boilers-turbo-generators, may not exoeed 
15 per oent. So that roughly 8 34 tons of ooal are required per kilowatt year. 
Presuming the genorating station was at or near the colliery and the ooal oost 
Rs 2-8-0 per ton, the cost per kilowatt year would be Rs 21 or 0*038 annas per 
umt (* e per kilowatt hour) 

Estimating for a 100,000 kilowatt station operating at full load or at 
least a high power factor we may allow Rs 260 per kilowatt for the oost of 
the plant (machinery, eto )or a total of Rs 250 lakhs which at so high an interest 
at 4 per oent would add Rs 10 per kilowatt year to the price of power Alluding 
next for working expenses, upkeep, transmission and profit—say Rs 29 per 
kilowatt year, we get a total, rather optimistic perhaps, figure of Rs 60 per 
kilowatt year or 0*112 annas per umt (1 4 pies) which is the same as the average 
for Niagara 

It is not to be forgotten that I have estimated generously for ooal which 
oan be got more cheaply and also for interest on capital, but I have not faced 
the full question of power factor and some of you may consider that I have 
overlooked such important details as water supply for the ooolrng system which 
may require 6 to 10 million gallons a day I have found several sites m the 
coalfields, both for cheap coal and sufficient water, and venture to say 
that oheap power from coal could be secured at about the oost I have estimated 
if it oan be all sold 

I must again return to the subject of burning raw ooal as against reoovenng 
the by-products, and I venture to lay down a general principle This is that 
the by-product recovery will only lower the power oost where the power 
station is actually m a great industrial works, but in separate isolated power 
stations it is better to ubo raw ooal in pulverised form of suitable, though not 
neoessanly of the best, quality Muoh of the ease of working will depend on 
the oharaoter and amount of the ooal ash If the ooal has a high ash content 
but the ash is of low fusibility it will readily form slag whioh will be easy to 
handle and dispose of. 


4* 



CARBONISATION OF COAL AND RECOVERY OF BY-PRODUCTS 


By B Wilson Haigh, M LA. {Bihar), MI Chem E 

No exouse is needed for the inclusion of this subject in the symposium 
'Coal in India’, for the subject is one of tremendous importance m the 
industrial life of the country and especially the Province of Bihar 

What ts meant by Carbomsatton 

When coal is heated m the absence of air so as to expel part or nearly the 
whole of the original volatile matter of the coal, it is decomposed and the 
process is termed destructive distillation With coking coals, however, the 
particles fuse together, coalescing to form a oohoront mass whioh is called coke 
The carbon residuum of the original coal has become cemented with a binding 
ingredient formed 01 liberated during the heatmg Coals with a high binding 
power are called strongly coking coals, those with a low binding power are 
feebly coking; there are also non-coking coals which have no binding power 
at all such as anthracite When the coal is heated to temperatures varying 
from about 400°-700°C. the operation is generally known as Low Temperature 
Carbonisation When the temperature to whioh the coal is subjected is between 
say 900° and 1300°C this is called High Temperature Carbonisation and this 
is the one which is practised in India Thore is also Medium Temperature 
Carbonisation earned on at a temperature of about 800°C , little practised as 
yet but about whioh more will be said later If non-coking ooals are so heated 
as to drive off most of the volatile matter and afterwards allowed to cool, the 
residue appears to have the same form as the original coal, so that if the coal 
is first crushed, nothing but a black powder remains after heating. 

High Temperature CarbonmUxon. 

This may be conducted in beehive ovens which are firebrick chambers 
shaped like a beehive The heat retamed m the structure commences the 
distillation, the gases given off from the coal mix with air whioh is allowed 
to enter above the door and combustion takes plaoe—the heat reflected 
from the dome oamee on the carbonisation—the products of combustion 
pass out at the top of the oven Very good coke can be produced in this way 
and also m the 'Country oven’ which is a long narrow rectangular ohamber 
where the heat is also produced by the combustion of the evolved gases. This 
process is slow, the carbonising time varying from say 48-72 hours but nowa¬ 
days fumaoe and foundry cokes are ohiefly made in the by-product oven. 

This is the souroe of most of the ooke used in the iron and steel industries 
today. In the beehive oven process the only product is ooke but, as is implied 
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in the name, the by-product oven is the souroe of by-produots—coal gas, ooal 
tar, ammonia, benzole, naphthalene and some others 

Some idea of the magnitude of the coking industry may be gained from 
the Report of the Chief Inspector of Mines in India for year ending December 
31st, 1937 He gives the figure of 1,848,521 tons coal despatched from Jharia 
alone to coke factories and 88,540 tons of hard coke despatched from Jhana 
786,126 tons of soft ooke were also despatched from Jharia, mostly made, 
not m ovens, but by the ‘heap’ method There are vast deposits of first class 
iron ore in Bihar The best cokmg coals are also mined m Bihar so that with 
one exception the large ooke factories are situated at the collieries in Bihar 
or the Steel Works of Tatas’ also in that province The iron oj-e is so pure 
that ooke of a higher ash content than is generally used in steel manufacture 
in other oountnes can be used in India The lowest ash m Indian-made coke 
is about 15% and it is often used up to 22 or 23%, and even then sometimos 
less than 18 cwts of ooke per ton of pig iron is used in the blast furnaces 

The by-product coking industry is of comparatively recent growth, the 
first by-product coking plant m Great Britain was installed m 1881 by Henry 
Simon working m conjunction with Francois Carves, a distinguished Frenoh 
engineer, and the first plant in India was built by the same firm (Simon-Carves, 
Ltd) at Gindih in 1909. Since then enormous strides have been made and 
m 1940 it is anticipated that at Tatas' Works m Jamshedpur they will be ablo 
to manufacture over 3,500 tons of coke per day or 1,300,000 tons per annum 
This plant will be the largest single cokmg plant in the British Empire with a 
maximum capacity of 5,400 tons of ooal per day 

Desonbed in non-teohmoal language a ooke oven is a long rectangular 
chamber built of ftrebnok, or silica bricks Ten metres (33 feet) used to be 
the standard length with a height of 2$ metres, but the modem tendency is 
to build larger ovens and the latest type m India measure 44 feet 5 inches 
long by 14 feet 7 mohes high by 17$ inches mean width These ovens each 
take a charge of 20 tons of ooal and are capable of carbonising this in 15 hours, 
the normal operating time ib 18 hours On either side of the chamber are 
flues heated by gas and underneath is a sole flue similarly heated. The gas 
used for heating is generally that produoed in the process which is normal 
ooal gas. Its composition varies The following figures are typical:— 

Per oent. 

Carbon dioxide . .. 0*7- 2*0 

Benzol, eto. .. .. . 0*6- 1*6 

Heavy Hydrooarbons and Tar .. 1*0- 5*0 

Carbon Monoxide . .. .. 5 0-10*0 

Methane .. .. .. 24-0-36 0 

Hydrogen n .. .. . 50*0-59*0 

Nitrogen " .. .. 1*0- 6*0 

Hydrogen Sulphide .. .. 0*1- 1*0 
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The quantity of gas evolved from 1 ton of coal vanes of course but an 
average figure is 10,000 ou ft per ton having a heating value of 460-500 
Bntwh Thermal Units (net) per cubic foot This is called ‘noh gas ’ and is a very 
valuable heating agent Sometimes all the coke oven gas is used for heating 
purposes as at a steel works or it may be sold for domestio lighting and heating 
in cities or towns 

In that oase the ovens have to be heated by ‘lean gas’ either blast furnace 
or producer gas and under those circumstances a special type of oven is avail¬ 
able called the Compound Oven These are of course of the regenerative type 
where the air for combustion is strongly pre-heated The products of com¬ 
bustion are passed through a chequer work of firebrick which becomes heated 
to a red heat and after half an hour, air for combustion is passed through 
the regenerator, There are two sets of these and they are used alternately 
every half hour During one period they are heated by the products of com¬ 
bustion and during the other period air is passed through to be heated Where 
‘lean’ gas is used the gas is also pre-heated in a similar way before combustion 
through a separate regenerator 

The coal is charged into an oven through suitable openings m the top, 
the charge is levelled by a long arm operated electrically passing over the 
charge and the doors and charge holes are made gas-tight 

The leveller is attached to the ram or coko pushing machine which 
discharges the ooke into a oar in which it is quenched by water or on to a 
coke bench of cast iron plates where it is cooled in the same way The products 
of distillation escape through the ascension pipe controlled by a valve mto a 
collecting mam which ib constantly flushed either by tar or liquor to remove 
the dust whioh is earned m the gas stream 

The gas is pulled away from the collecting mam by means of an exhauster 
and forced through the different pieces of apparatus where the by-products 
are removed, back to the return mam where it is burnt in the heating flues or 
supplied for other uses In the most modern types of ovens as much as 60% 
of the gas may be ‘spare’ and available for uses other than beating the ovens 
The oycle is oontmuous and there is rarely any gas-holder provided for gas 
storage and when for any reason the cycle has to be interrupted the whole of 
the gas has to be by-passed and the crude gas blown away mto the air—an 
operation in which there is an element of danger and whioh needs great care 

Oven Construction 

Nowadays ovens are built on a remforoed concrete decking supported 
by remforoed oolumns earned on a remforoed concrete raft This is necessary 
owing to the larger modern ovens being so much heavier. Brickwork arches 
whioh were formerly used could not support the great weight of the modern 
superstructure. 

In construction of the ovens refractory material of the highest grade 
has to be used and it is a fortunate circumstance that there are ample supplies 
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of first olass fireclay and silica materials within easy reaoh of where they are 
required The manufacture of refractories has progressed m Bengal and 
Bihar to a remarkable degree It is now acknowledged that the special shapes 
in fireclay, semi-silioa and silica which are required m ooke oven construction 
can be manufactured of as fine a quality, with as great precision and with as 
small a tolerance as in any other country 

It must never be forgotten that the most important product from ooke 
ovens is coke and it is the duty of the ooke works manager to produce the best 
possible product from the coal at his disposal If he uses different coals careful 
blending is oalled for and a vanation in the coking time may often make 
considerable difference to the resultant ooke 

If the blast furnace manager is to get the best results, what ho aims at 
is to reduoe ooke consumption to the minimum so as to get the lowest ooke 
consumption per ton of pig iron. To do this he must have coke of regular 
quality, sufficiently hard to stand the burden of the furnace (that is why soft 
spongy ooke is useless for the purpose) On the other hand it must not be 
too hard or lacking m porosity otherwise it would pass down the furnace mto 
the slag at the bottom without performing its funotion, which is to reduce 
the oxides of iron to the metallic state That is why the ‘Jhama Coke’, a 
natural coke produced by the carbonisation of certain Jhana coal seams t» 
axtu is useless for blast furnaoe work It is so hard and non-porous because 
it has been coked under such great compression of the overlying strata Coke 
is also used m foundries for melting iron and brass to make castings It is used 
in sugar factories, aerating gas factories for producing C0 2 and m smithies 
for blacksmiths’ use 

Coke also contains sulphur and phosphorus and a portion of these finds 
their way mto the pig iron during the blast furnace operations, when m excess 
both have a deleterious effect on the pig iron Fortunately Jhana coals are 
very low in sulphur—the best contain only about 0*6% which is negligible 
Gindih coke is particularly low m phosphorus and so is suitable for the 
manufacture of ferro-manganese 

Nothing has been wntten about gasworks practice which is also a branch 
of high temperature carbonisation This is conducted in nests of fireclay 
retorts and the ohief product is not ooke but illuminating gas and the retorts 
are heatod by burning ooke, the balanoe being sold as gas ooke for domestio 
use 

Tar and ammonia are also recovered and the gas is stored in large gas¬ 
holders and distributed through a system of mains and metered to the various 
consumers for commercial or domestio heating, cooking and lighting As is 
well known, some Calcutta streets are lighted by coal gas 

Low Temperature Carbonisation. 

In this system the* ooking temperatures range from about 660° to 700°C 
or a little higher The mam objects of thus restnoting the temperatures are* 
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(1) to obtain maximum yields of liquid products, and (2) to produoe free 
burning semi-cokes containing proportions of volatile matter ranging from 
8% up to about 20% The yield of rich gas in L T systems will range from 
2,000 to 7,000 ou ft per ton of coal and its calorific value may be from 700 
to 1,000 B Th U’s per oubio foot 

Generally speaking, the gas and oils from the L T process are mostly of 
the paraffin senes of hydrocarbons whilst high temperature oarbonisation 
yields aromatic hydrocarbons of the benzene series 

The ohief product of the Low Temperature process is a smokeless fuel 
and several successful fuels have been marketed in England, notably Coalite, 
but it can only be regarded as a luxury fuel for it is sold at a high price some¬ 
where round 46 shillings per ton, higher than that of best house coal A vast 
number of experiments have been done during the last 30 years, many systems 
have been tned on a semi-commercial and commercial scale, hundreds of patents 
have been taken out, millions of pounds of oapital have been expended most of 
which has yielded no return to shareholders, and whore profit haB been made 
it has only been due to the ‘fancy’ price which the producers have been able 
to obtain for their smokeless fuel The main fillip to this industry comes 
from the patriotic people who deplore the smoky atmosphere of England’s 
cities and towns and who try to do their bit to reduce it and the resultant fogs, 
by burning a smokeless fuel 

The British Government have tned to help by grants-in-aid and by 
purchase of the Low Temperature oils for use in the Navy but even with these 
adventitious aids the prospects are not favourable 

There is much loose talk and often ill-informed newspaper correspondence 
m Calcutta and elsewhere asking why large-scale Low Temperature plants 
are not established m the coalfields to recover the valuable by-products (dyes, 
eto) which are now being lost The Bihar Government are making experi¬ 
ments with this system but they are instigated by those who have a rather 
limited knowledge of the subject and are, m the opinion of the writer, likely 
to meet with little sucoess 

The capital cost of such plants is high Where is the profit to come from 
to pay the interest,—after providing for the overhead charges and working 
costs,—let alone any dividend ? Where is the market for the semi-coke at a 
pnoe that will pay ? 

Other products are Low Temperature tar of which 10-18 gallons may be 
recovered from a ton of coal but as it is not suitable for road tar, where is the 
market for it ? 

Sulphate of ammonia is also recoverable but probably not at a profit 
Sulphuno aoid has to be manufactured or bought and some coke plants have 
already oeased to reoover this by-product as it cannot compete with synthetic 
ammonia Motor spirit is another recoverable by-product but has to pay 
an excise duty of 10as. per gallon (now 12as ). Even on a large scale it would 
cost 4 or 5 times as much to manufacture as petrol, so again how could it be sold 
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to compete -with petrol and yield a profit? These facts should be known 
before Governments or investors sink money in projects whioh under present 
conditions have little hope of success There are many difficulties m the 
way, both technical and other, and probably no other technical process has 
yielded so many disappointments 

Medium Temperature Carbonisation 

This is a process which lies in between the high and low and may be 
conducted at temperatures round about 800°C 

Its main object is the production of a smokeless domestic fuel 
There are now more coke plants in India than are required to produce the 
hard coke required for the iron and steel industries and coke oven owners 
may now be compelled to turn their attention to the domestic coke market 
The adaptation of ooke ovens for the production of a free burning reactive 
ooke has been proved to be possible notably m France and loss in Great Britain 
and the time is soon coming when close attention will have to be given to the 
subjeot in Bihar Soft coke as made m heaps or mounds is sold very cheaply 
as there is no capital expenditure involved in its manufacture but generally 
speaking it is a very low grade fuel though the Soft Coke Cess Committee are 
trying to improve it and push its sale which is increasing fairly rapidly 
(786,126 tons were sold in 1937 and over 900,000 tons in 1938) 

If, however, a demand for a clean readily ignitable fuel at a higher price 
than soft coke can be created and developed there must be a great potential 
market in India No doubt the difficulties are many, a very highly developed 
marketing organisation would need to be established and the fuel would 
probably have to be delivered in jute bags by lorry from house to house on 
a cash basis. 

It may develop into a profitable distributing agenoy if properly organised 
and managed 

The by-products produoed at 800°C are of a character similar to those 
obtained m normal high temperature carbonisation and are thus more valuable 
than the paraffinic bodies obtained by carbonisation at low temperatures. 



CARBONISATION OF COAL 


By W. J Savage, 1 AMI Chem E 

The history of oarbomsation of coal goes back about two hundred and 
fifty years but progress was slow until a hundred and fifty years ago when 
William Murdoch first used gas for pubho lighting From that time a great 
industry has developed and gas supply is one of the most important pubho 
utility undertakings in modern life 

Until recent years the oarbomsation of coal was considered as ‘destructive 
distillation’ but with the increased importance of the by-produots—ooke, 
tar, etc —this phrase is falling out of use During the past two decades a 
large amount of scientific work has been earned out to determine the best 
conditions and type of plant employed 

It is generally accepted that coal is the product of the decomposition, 
under great pressure, of vegetable matter During this process, the carbon 
oontent increases and the hydrogen and oxygen oontents decrease The 
percentage of volatile matter decreases until at the stage when the hardest 
ooal, anthracite, is formed, the proportion is only about one-sixth as compared 
with that of lignite, which may be considered as a midway product in the 
formation of anthracite from the original vegetable matter 

The question of finding the most suitable ooal is of vital importance to the 
Gas Engineer and is influenced by several factors These faotors also determine 
the kind of plant m whioh the oarbomsation is to be earned out Practically 
all ooal is carbonised in one of the following types of plant *— 

(1) Horizontal Retorts. 

(2) Vertical Retorts 

(3) Coke Ovens. 

(4) Chamber Ovens. 

If the mam product required is Town Gas, either of the first two is 
generally used. If hard ooke for metallurgical work is the main product, ooal 
is carbonised in the third type of plant The fourth system, Chamber Ovens, 
is a combination of the two. In addition to these types there is another 
system coming into use for the production of light oils, benzols, eto., by the 
carbonisation of ooal at low temperature but the amount of ooal so oarbomsed 
is very small at present. 

/Horizontal retorts are usually made of fireclay and the dimensions are 
20 feet x 22 inohes X 16 inohes, the section being a rough Q shape. The 
general practioe is for the retorts to be set m a‘bed’ of four tiers of two retorts 


i The Oriental Oas Oo., Ltd., Calcutta. 
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At each end of the retort a cast iron mouthpiece is fitted from which the gas 
as generated is carried off through iron pipes to a hydrauho main fixed on top 
of the bed The pipe from the mouthpiece is Bealed, usually about J', m liquor 
m the hydraulic mam The mouthpieces are fitted with doors which are 
hermetically sealed by means of an ecoentnc lever When the doors are 
opened for charging with coal or pushing out coke the seal prevents air being 
drawn m and mixing with the gas The ‘beds’ are heated by producer gas 
generated from coke and each bod is a separate unit with its own furnace 
The temperature of carbonisation reached is 1250°C When a retort is emptied 
of coke produced from the previous charge of coal another charge is put in 
by means of the stoking machine and the doors are closed as quickly as possible 
With Indian coal the average weight of the charge is 10J cwts and the period 
of carbonisation is 10-11 hours By the end of that period all the gas is driven 
off togother with all tar vapour, etc and only coke remains The gas, tar 
vapours, etc are drawn through the condensing plant, whore the tar condenses 
out, by means of ‘exhausters’, and then passed through the washing and 
scrubbing plant to remove cyanide produots and ammonia and finally through 
large cast iron chambers (purifiers) containing ferrous oxide to remove 
sulphuretted hydrogen 

In vertical rotorts the coal gravitates through the retorts and the residual 
ooke is extracted at the bottom In the majority of vertical retort installations 
the process is continuous although there are a few where the charge of coal 
is dropped in and left until the carbonisation is completed when the coke is 
released into wagons by opening the bottom door In tho continuous prooess, 
coal enters at the top and ooke extracted from the bottom This process 
ensures a regular quality of gas produced The heating of the retorts is by 
produoer gas and usually is so regulated that the top 5 or 6 feet of the retort 
is comparatively oool, the centre section is heated to a temperature of 1300°C 
and the bottom section of the usual 26 feet length of retort is progressively 
oooler than tho middle section Near the bottom a controlled supply of steam 
is admitted which, meetmg the incandescent ooke, combines with the carbon 
forming ‘water gas’, whioh may increase the yield per ton of coal by 30%, 
this latter figure depending, of course, upon the quality of gas required A 
further effect of admitting steam is that the water gas scours the plastic coal 
and washes out many gaseous hydrocarbons which otherwise would be decom¬ 
posed if left in oontaot with the hot sides of the retorts 

In India the bituminous coals used for gas manufacture are not of a very 
wide choice All coals, of course, will produoe gas but the most suitable are 
of a limited quantity m this oountry. A Gas Engineer firstly requires a ooal 
that will give a large volume of gas after purification but also he must have a 
ooal whioh will produoe a good saleable ooke and a fair yield of tar The 
moisture oontent of the ooal should be very low because when ooal is brought 
into the retorts the first substances to be distilled are the free water and light 
oils. If the water oontent is high, too much weak virgin liquor is 
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produoed which reduces the efficiency or increases the cost of the production of 
ammonium sulphate 

A proximate analysis of good gas coal in India is— 


Moisture 

Ash 

Volatile Matter 
Fixed Carbon 


15 % 

110 %) 

34 5% > dry basis 
54 5%) 


with the oalonfic value over 13,000 B Th Us per lb 

The ash oontent is at least twice as high os that of good English gas coals 
and the fusion point of the ash is low This latter factor has a bad effect 
upon the producers which Bupply the beds with gas for heating and it is 
necessary to adopt special grates to prevent heavy clinker forming Also, 
the quantity and quality of the ash renders itB use almost impossible in 
oarburetted water-gas plants, which are frequently used m Europe as auxiliary 
to coal gas plants and exclusively used in some parts of the USA and 
Canada 

Another unfortunate feature of a good Indian gas coal is that in most 
cases when it is plastic during carbonisation the mass shells considerably 
This has m the past prevented the installation of vertical retort plants in 
India and has led to the loss of export trade to gas undertakings on the 
China coast. Two years ago, however, the Hongkong Gas Company working 
with the contractors who erected thoir vertical plant solved the problem of 
Indian coal ‘sticking’ in the vertical retorts and now have recommenced 
importing The Shanghai Gas Company also find they can now use Indian 
ooal and, as supplies of Japanese coal are no longer available, may use it m 
preference to Australian coal which, although easier to carbonise, is dearer to 
purchase 

One obnoxious impurity, sulphuretted hydrogen, to be found in crude gas 
is produoed from pyrites m coal and in this respect Indian gas coals are superior 
in most respects to European coals The ‘free pyrites’ is usually well below 
0*5% and the percentage of H*S m crude gas is below 1% This small pro¬ 
portion is easily extracted The small amount of pyrites present reduces the 
danger of spontaneous combustion when stored At my works Indian gas 
ooal is stored under cover to a depth of 16 feet and no case of fire has occurred 

In oarbomsation the ‘decomposition point’ of coal varies with different 
kinds of ooal. When ooal is first heated in a closed retort or chamber occluded 
gases are first given off These gases are mainly paraffin hydrocarbons and 
are given off at temperatures between 150-200°C Water vapour and light 
oondensable nils are given off up to about 400°C and during this range Bulphur 
compounds and oxides of carbon are evolved. From 400°C large volumes of 
gas which are rich in hydrocarbons are produced. Theso hydrocarbons 
oombine with the lighter oils, benzene, toluene, etc and form‘gas tar* Above 
1000°C only gas containing a large percentage of hydrogen is evolved The 
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original nitrogen in the coal, plus some of which may have leaked m during 
the process, combines with the hydrogen and forms ammonia It can be 
assumed that the maximum combination occurs when the retort is at a tem¬ 
perature of about 1000°C , and if the carbonisation of coal is carried to the 
extreme, say several hours at 1300°C , the total quantity of ammonia produoed 
is not greatly increased If the gas is not extracted from the retorts, the 
ammonia would be decomposed before the retort reached 1000°C and it has to 
be remembered that during carbonisation, when the temperature is rising to 
say 1250°C, the gases evolved are being continuously extracted by the 
exhauster There is no doubt the presence of other gases prevents or retards 
the decomposition of ammonia Some of the original mtrogen in the coal 
combines with the hydrogen and the carbon of the incandescent coke to form 
hydrooyanio acid and also a little free cyanogen HCN doeB not form below 
900° and it is believed that at the higher temperatures some of the ammonia 
is decomposed by the incandescent coke to produce this impurity which has 
to be removed 

The proportion of carbon dioxide m the gas produoed would be about 1% 
if the coal were distilled in a hermetically Bealed chamber In practice such 
conditions oannot prevail and air and waste gases from the exterior of the 
retorts enter through the pores or cracks m the fireclay retorts, the interior of 
the retort being kept at about 2/10ths of an inch vacuum The oxygen so 
entering combines with carbon of the incandescent ooke or gaseous compounds 
and oarbon dioxide is formed It is the aim of a Gas Engineer to keep the 
percentage of this ‘inert’ constituent of the gas as low as possible 

Where ooal gas is supplied to consumers the quality is governed in most 
countries by Acts and the undertaking is severely penalised if the calorific 
value falls below the standard defined or if sulphuretted hydrogen is present 
The general standard for the United Kingdom is 460 B Th Us per cubic foot 
of gas The problem that has to be met is to obtain the highest yield of gas 
per ton of ooal whilst keeping the quality of the gas supplied above the standard 
oalorifio value All good gas ooals if distilled m a perfect atmosphere m the 
retort, that is the gas is extracted as generated without either pressure or 
vacuum, would produoe gas at the temperatures prevailing too noh with a 
corresponding low volume In horizontal retorts the gas during the first 
three hours of oarbonisation would contain such a high percentage of hydro¬ 
carbons that the usual burners of consumers’ appliances could not supply 
sufficient air for combustion and long smoky luminous flames would result. 
On the other hand the gas produoed during the last three hours of oarbonisation 
would be of low oalorifio value as the hydrogen proportion rapidly increases. 
To obtain a satisfactory mean and to produoe a gas of consistent quality the 
charging of retorts is spread over the period of oarbonisation. In India where 
the retorts are set in four tiers it is the practice to ‘oharge’ the retorts of each 
tier in turn spreading the trhole operation to oover the 10-11 hours of oarbonisa¬ 
tion. This means that gas generated in each ‘bed’ is being generated from 
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ooal in four different stages of oarbonisation with the result that the gas 
is well mixed before passing through the condensers, washing plant, eto 
to the holders for distribution to tho town To avoid waste through the 
porous retort material it is usual to keep a slight vacuum—about ^ inoh 
water gauge—inside the retorts This is controlled by a water-sealed governor 

fixed on the foul main between the hydraulic mams and the oondensing plant 
Should any variation m the quality of gas produced as indicated by the recording 
calorimeters ooour the attendant can immediately restore conditions to normal 
by altering the ‘pull ’ on the retorts by adjusting this governor If the calonfio 
value of the gas is too high a little extra vacuum will remedy this and mce versa 
In both systems of oarbonisation—horizontal and vertical retorts—the 
most economical working is obtained by removing the hydrooarbons away 
from the incandescent coke or sides of the hot rotorts bofore decomposition 
(or degradation) has proceeded too far It is a matter of experience to deter¬ 
mine with each installation and each coal or blending of coal which conditions 
give the best results The decomposition of the hydrocarbons lowers the quality 
of the gas and also adversely affects the tar When the decomposition ooours 
some of the liberated carbon is carried forward by the gas and deposits in the 
oondensed tar increasing the poroentage of‘free carbon’ 

It is not possible to say which system of carbonisation is best as every 
installation has to be considered in relation to local demand for gas and type 
of coke and also the kind and cost of coal available for carbonisation. 




FUEL OIL FROM INFERIOR JHARIA COALS 


By S K Roy, Ph D (Zurxch), Dhanbad , and S S Ghosh, M Sc , Patna 

The existing coke ovens, owned by the Government and big industrialists, 
utilise superior grade coals for making hard ooke and many of them also 
recover the various by-products of this high temperature process So we 
already possess, thanks to the well-equipped ooke ovens at Gmdih, Bararee, 
Jamshedpur, Bumpur, Kulti, etc , a substantial knowledge of the gas and tar 
oontents and m some oases of other products of the superior olass coals of the 
Jhana Coalfield which is now mostly used as fuel S S Ghosh, H K Sen, 
Dr Sanjana, Dr Bhattacharjee, Dr Mukherjee, Dr Ghosh and others have 
also interested themselves from time to time with the low temperature car¬ 
bonisation of Indian coals, but m most cases they interested themselves only 
with the‘aristocrats’ of our coals, and sometimes the samples treated were 
rather indefinite and unspecified. But whatever may be the case with our 
lugh grade coals nothing so far is known about the gas and tar-produoing 
capacities of the immense quantity of second class coals used m the Jharia 
Coalfield for making soft ooke nor do we know anything about the composition 
of the gas and the derivatives of the tar they produce, although m the manufac¬ 
ture of soft ooke about one-third of the ooal is lost in the form of gas and tar 

So far as we know, only Dr C Forrester, Principal, Indian School of Mines, 
has carried out m a systematic manner the distillation tests of this type of 
second olass ooal utilised for soft coke making, and has determined the 
tar oontents of the coals under various temperatures But he too has not 
fraotionated his tars and all his results are the property of the Soft Coke 
Research Committee who have not yet published them. 

Taking the most conservative estimate of about 2 million tons of soft ooke 
being annually manufactured m the Jhana Coalfield for which 3 million tons 
of second olass ooal is burnt, and putting its tar oontent at the moderate figure 
of 10 gallons per ton of ooal used, about 30 million gallons of tar, comparatively 
noh m motor spmt, light oils and other substanoes, are lost to our oountry 
per year. It is, for this reason, that we undertook firstly a series of researches 
on the gas and tar oontents of the poorer grade coals used for soft ooke making 
in the Jhana Coalfield and subsequently endeavoured to find out what are the 
by-products of this tar. The results of our experiments are given in the 
following pages The experimental work was earned out by the junior author 
m the laboratories of Prof. B. C. Roy, Scienoe College, Calcutta University, 
under the direction of the senior author and with financial assistance from the 
senior author and his oolleague Prof. S. K. Bose. 
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Experimental details 

The experiments were earned out m a oyhndncal mild steel retort prepared 
out of a piece of steam pipe of 5" inside diameter and 2 , -9* long The thickness 
of the wall is During the first two experiments the pipe was closed at 
one end with a screw cap while the other end was provided with a reducing 
socket 6' to 1' connected with a 1-inch elbow pipe for the extraction of volatilo 
matter This is more or less similar to the arrangements made on a previous 
oooasion for experiments similar to the presont ones by the junior author 
jointly with Dr H K Sen (S S Ghosh and H K Sen —Proc Inst Chem 
India, Vol VI, Part 2, 1934) 

But difficulties were oxperienood in the discharge of coke from such a retort 
and aftor the second expenment we were obliged to think out a moro suitable 
retort for further experiments The reverberatory furnace employed on a 
previous occasion (loc at ) for similar experiments was not found suitable on 
actual tests as it could not maintain the necessary temperature of 600°-630° 
Centigrade required for our experiments On account of its firing arrange¬ 
ments from below it used to get very hot in the lower parts—the temperature 
rising there in the neighbourhood of 760° Centigrade—but in the upper part 
it was difficult to maintain constantly even 600°C In order to eliminate this 
difficulty, we deoided, after some discussion, to ohange the vertical retort into 
a horizontal one with the following special arrangements for maintaining 
uniform temperature throughout the retort Most of the laboratories engaged 
m low temperature carbonisation work never recommend vertioal retort 
systems, though in large-scale commercial works both types of retorts are m 
vogue. 

The following is the desonption of our retort and firing system — 

Two flange-heads were welded at two ends of the retort, front and baok, 
and they were provided with removable caps fastened by nuts and bolts. 
Then, instead of heating the retort from one end, arrangements were made to 
heat it over its full length by putting it m a horizontal position. And, instead 
of heating it by direct flame, in which case the portion m direct oontaot with 
the flame may be hotter than that in the upper part of the retort, the retort 
was plaoed inside a 'tunnel furnaoe' made of flre-brioks. A spaoe of about 1' 
was left all round the retort between the tunnel furnaoe and the retort-wail 
for proper circulation of hot air from below and equal heating all over. At 
about 3' from the further end of the retort a J' steel pipe was welded at the 
side of the retort for the extraction of volatile matter generated inside the 
retort. The heating was done by a burner made of 1' galvanised pipe bored 
at every half-inch When kindled, each hole became a burner and we had 
altogether about 60 burners. This burner pipe was so plaoed that our retort 
may be at a distanoe of 2' from the tips of the flames. Hot air from the 
flame circulated all round the retort and esoaped through the chimney above, 
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which was 4' high. The advantages of this horizontal retort were found to 
be the following — 

1 Better and more uniform distribution of heat throughout the coal 

mass This advantage was never obtained in vertical retorts 

2 Prevention of cracking, to a great oxtent, of tho primary products 

of distillation 

3 Elimination of the difficulty regarding the extraction of coke 

experienced in the previous furnace where, in order to extract 
the coke, tho heavy retort had to be taken out every time But 
in the present case coke could be extracted by pushing it out, 
without removing the retort from the furnaoe 

5 to 10 lbs of coal was crushed m a jaw crusher and placed m tho furnace 
by un-screwing the cap of the flange at the back Tho size of particles was 
and below The flange caps at both ends were tightly fixed with bolts and 
nuts and asbestos packing The furnace was then connected with receivers 
(see figure) to collect gas, ammonia and other substances and after this was 
done the burners were lighted The temperature was maintained between 
520° and 660° Centigrade, and this was noted by two platinum-iridium - 
pyrometers inserted through holes in tho brick-work, at right angles to the 
retort The pyrometer tip just touched the retort 

When We had treated a few charges we found that the conduction of 
heat to the centre of the coal mass inside tho retort from the periphery was not 
quite what could be expected In some of the samples of coke we saw that 
although the distillation was continued for what we considered was tho necessary 
length of time, the coking was not complete In some cases the experiment 
has been discontinued by us just when coking of the central portion had started, 
but not completed 

Coal is a bad conductor of heat As soon as it is sufficiently heated, it 
becomes plastio along the periphery of the retort and being spongy and in 
continuation with a layer of Bemi-coke inside the retort, it becomes a still 
worse oonduotor Hence it beoomes still more difficult for the heat to travel 
from the periphery to the core of the retort Speaking theoretically, the tune 
‘C’ necessary for oomplete carbonisation of a layer of coal and the thickness ‘ T ’ 
of the coal layer are related to each other aooording to the following formula — 
C = K(T+K)* 

where ‘if ’ is a constant depending on the nature of the particular coal From 
Allison’s curves it oan be easily understood by extrapolation that a bed of ooal 
2 to 3 inches m thickness can be penetrated by heat within 4 to 6 hours. In 
the retort used by us for our low temperature assay, the same thickness has 
been selected, and for oomplete ooking, instead of 4 to 5 hours as suggested by 
Allison, we had to continue the heating for 6 to 6 hours, in each case, from the 
time of tho first evolution of gas. The hot vapours of tar and gases, as they 
came out of the retort, passed through a senes of collecting bottles containing 
3 » 
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absorbers, as shown m the figure A 6 per cent solution of sulphuno acid was 
used m the first two bottles to ensure complete absorption of ammonia and 
separation of tar and heavy oil, whilst the third one which was a Wolf’s bottle 
contained paraffin oil or creosote to absorb the lighter fractions which may 
escape condensation in the first two bottles All these bottles were cooled 
by dipping them m water Next came a scrubber fitted upright on a small 
aspirator bottle The scrubber was piovided with an outer sheath of Liebig’s 
condenser packed with coke, over which was a sprayer spraying water all the 
time The water scrubbed out all the escaping gases and collected them m the 
aspirator bottlo underneath The light oil floats on the water The excess of 
water runs out constantly through the syphon bend at the side of the aspirator 
bottle The washed gases pass through the gasometer and collect in the 
gas-holder After the distillation is over the contents of the first two bottles 
containing ammonium sulphate and tar wore separated by means of a separating 
funnel The total liquid is made up to a standard volume and the total 
ammonia is determined by absorption The total tar oil separated from the 
liquor was treated with 5 per cent caustic soda to separate the phenolic con¬ 
stituents From a determination of the volume of the total tar after treatment 
with alkali, the percentage of phenols present m the original crude tar (sp 
gr 1 06) is known The neutral tar was then washed three times in water and 
distilled to obtain the various fractions 

As it is impossible to separate the tar completely from water, and as the 
moist tar begins to froth as soon as it is heated, a good deal of inconvenience 
was expei lenced in tho beginning to distil the tar Wo, however, got over 
this difficulty by adoptmg tho principle of ‘drop distillation’, i e pouring the 
tar fiom a separating funnel drop by drop on the bottom of the distillation 
flask which already contained a little hot tar and a few pieces of pumice stone, 
also hot As oach drop of moist tar came in contact with tho hot tarry surface 
of the pumioo, it distilled almost immediately without any considerable increase 
in volume Frothing was practically eliminated in this way If this experi¬ 
ment is carefully manipulated, this distillation process more or less becomes a 
type of steam distillation In this steam distillation at a low temperature, the 
lighter fractions of the neutral oils come out with water, leaving rcsinoids and 
heavy hydrocarbons behind The temperature was then increased up to 300° 
Centigrade to obtain further fractions At this temperature only liquid pitch 
remains behind at the bottom of the flask This is now poured out, cooled 
and weighed The oils absorbed m their oil seals and those collected m the 
sorubber were distilled separately and the lightest fractions, boiling at as low a 
temperature as 60° Centigrade, were recorded and measured Analysis of the 
gas coming out of each specimen of coal was oarned out by means of Prof. 
Junker’s gas calorimeter This forms one of the most essential parts of our 
experiment and its usefulness will be well understood by fuel technologists. 

It will be seen from our experimental results that the data about tar, oil 
and gas collected out of each sample of our coal had been also a check as to 
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whether it was earned out under low temperature conditions or not. It is 
well known that the gas obtained from one ton of coal by the low temperature 
method is about 5,000 c ft while from the same coal by high temperature 
process we may get even 11,000 o ft The calorific value of the high tempera¬ 
ture carbonisation gas is only about 500 BTU. whereas for the low temperature 
distillation gas a oalonfic value of oven 800 B T U is quite oommon Hydrogen 
and hydrocarbons are predominant constituents of the high temperature gas 
but the low temperature gas is rich in saturated hydrocarbons All these 
have been very well borne out by the results of our experiments noted below 

I List of coals distilled, 

(1) New Bansdeopur Colliery No 12 soam, incline No 15 

(2) „ „ „ „ 11 „ „ „ 14 

(3) „ „ „ „ 10 „ bottom of No 3 pit 

(4) Godhur Colliery No 10 seam, No 1 pit 

(5) „ „ „ 9 „ from near the Jore 10A incline 

(6) Sendra Bansjora Colliery No 10 Coal seam 

(7) „ „ „ „ „ „ „ 

(8) ,, „ „ „ „ „ ,, (slack coal) 

(9) „ ... ( „ ., ) 

(10) Matigora Colliery—combined V, VI, VII seams (100 ft seam) 

(11) „ „ No X seam 

(12) ,, „ Mixture 70% of 100 ft seam and 30% of No 10 seam 

II Results of Distillation test 
( 1 ) 

Amount of coal distilled 
Temperature of the furnace 
Products*— 

Coke (highly swelling hard coke), 6 lbs 
♦Tar oil (moist), 141*5 c o. 

Amm Sulphate 
Gas, 12 c ft 

Analysis of Gas 

C0 2 . .. . 2*41% 

0 2 .M2% 

Unsaturated . 3 5% 

CO 1123% ■ 

CH 4 . .. . 47*65% 

H a .. .. .. 27 90% 

N* .. .. .. 6*19% 

Average calorific value of the gas is equal to 750 BTU 


7 lbs 
525°C 

1 oz @ 17 32 owts per ton 
@ 10*06 gals. „ „ 

@ 6 62 lbs „ „ 

. @ 3,840 c ft „ „ 


* Measured under moist condition. 
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( 2 ) 


Amount of coal distilled 

8 lbs. 

Temperature of the furnace 

620°C 

Product* •— 

Coke (moderately swelling coke), 7 lbs 0 6 oz 

@ 18 28cwts per ton 

Tar oil (moist), 140 c o 

@87 gals „ „ 

Amm Sulphate 

@ 7 02 lbs „ „ 

Gas, 16 o ft 

@ 4,230 o ft „ „ 

Analysis of Gas 

C0 2 

2*93% 

0 2 

0*86% 

Unsaturated 

3 17% 

CO 

12 66% 

ch 4 

46 95% 

h 2 

28 32% 

n 2 

6 22% 

Average calonfir value of the gas is equal to 760 B T U 

(3) 

Amount of coal distilled 

8 lbs. 

Temperature of the furnace 

536° to 640°C. 

Products*— 

Coke, 7 lbs 2 ozs 

@ 17*8 cwts. per ton. 

Tar oil (moist), 144 c c 

@79 gals „ „ 

Amm Sulphate 

@ 11 lbs „ „ 

Gas, 119 c ft. 

@ 3,332 c ft „ „ 

Analysis of Gas 

co 2 

3 23% 

o 2 

0 41% 

Unsaturated 

0 64% 

CO 

17*88% 

ch 4 

46 77% 

h 2 

22*77% 

N a 

8-4% 

Average calorific value of the gas is equal 

to 760 B T U 

W 

Amount of coal distilled 

8 lbs 

Temperature of the furnace 

616° to 520°C. 

Products:— 

Coke, 7 lbs. 0*6 oz 

@ 17*68 cwts per ton 

Tar oil (moist), 140 c o. 

@ 8*71 gals „ „ 

Amm. Sulphate 

@ 8*41 lbs „ „ 

Gas, 13*66 o ft. .. 

@ 3,794 o. ft. „ „ 
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Analysts of Oas 

C0 8 

3 12% 

0 2 

0 96% 

Unsft tn rated 

2 67% 

CO 

11*65% 

ch 4 

47*68% 

h 2 

26*26% 

n 2 

8 87% 

Average calorific value of the gas is 

oqual to 760 B T U 

(6) 

Amount of coal distilled 

10 lbs 

Temperature of the furnace 

616°C 

Products — 

Coke, 8 lbs 115 ozs 

@ 17 44 cwts per ton 

Tar oil (moist), 100 c c 

@ 7 969 gals ,, ,, 

Amm Sulphate 

@ 23 95 lbs „ „ 

Gas, 22 c ft 

@ 4,928 o ft „ 


Analysis of Gas 

co a 

2 58% 

0 2 

1 23% 

Unsaturated 

3*22% 

CO 

10 98% 

ch 4 

47*37% 

h 2 

. 26*32% 

n 2 

* 8 3% 

Average calonfic value of the gas is equal to 760 B T U 

(6) 

Amount of coal distilled 

10 lbs 

Temperature of the furnace 

660° to 675°C 

Products — 

Coke, 8 lbs 8 6ozs 

@ 17 cwts per ton 

Tar oil, 160 c o 

@75 gals „ „ 

Gas 

4,600 c. ft „ „ 

Calonfic value 

770 BT.U (I), 


744*7 „ (11). 
722*8 „ (IE) 
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Analysts 0 / Gas 


co a 

. 2-83% 

0* 

0 809% 

Unsaturated 

2 97% 

CO 

7*15% 

ch 4 

42 0% 

Ha 

36 98% 

N a 

7 26% 

Ammonium Sulphate 

14 lbs per ton 

(7) 

Amount of coal distilled 

10 lbs 

Temperature of the furnace 

560° to 675°C 

Products — 

Coke, 8 lbs 8 ozs 

@17 cwts per ton 

Tar oil, 160 c c 

@75 gals ,, „ 

Gas 

4,600 c ft „ „ 

Calorific value 

747 3 BTU (I) 

725 1 „ (II) 

730 3 „ (III) 


Analysis of Gas 


co 2 

4*724% 

O a 

0*63% 

Unsaturated 

3*62% 

CO 

7*08% 

ch 4 

46 81% 

Ha 

32*22% 

Na 

4*92% 

Ammonium Sulphate 

. 12 5 lbs 


( 8 ) 

Amount of coal distilled 
Temperature of the furnace 

Products*— 

Coke, 8 lbs 14 ozs 


10 lbs. 
515°C 


@ 17 owts 78*5 lbs per 
ton 

@ 8*46 gals, per ton 
@ 5*8 lbs „ „ 

Cg 3,427o ft.,, „ 


Tar oil (moist), 170 0 . 0 . 
Amm. Sulphate 
Qas, 15*3 0 . ft. 
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Analysis of Qas 


co 2 

. 1-27% 

o a 

.. 12% 

Unsaturated 

2-62% 

CO 

9 3% 

ch 4 

48 2% 

h 2 

20 22% 

n 2 

11 3% 

Average calonfio value of the gas is 

equal to 760 B T U 

(9) 

Amount of coal distilled 

10 lbs. 

Temperature of the furnace 

660°C 

Products — 

Coke, 8 lbs 12 ozs 

@17 6 cwts per ton 

Tar oil (moist), 188 c e 

@94 gals „ ,, 

Amra Sulphate 

@ 10 6 lbs „ „ 

Gas, 17 3 o ft 

@ 3876 2c ft „ „ 

Analysis of Gas 

CO* 

. 2 3% 

0* 

0 408% 

Unsaturated 

2 17% 

CO 

. 14 49% 

ch 4 

. 48-67% 

H* 

20 40% 

N 2 

H«% 

Approximate calorific value of the gas 

is equal to 760 BTU 

(10) 

Amount of coal distilled 

10 lbs 

Temperature of the furnace 

626°C 

Products — 

Coke, 8 lbs 8 ozs 

@ 17-6 cwts per ton 

Tar oil (moist), 143 o o 

@ 7-12 gals „ „ 

Amm Sulphate 

@ 5-9 lbs „ „ 

Gas, 10-5 oft 

.. @ 3,090o ft „ „ 

Analysis of Gas 

CO a 

.. 3 8% 

0* 

.. 09% 

Unsaturated 

. 3-6% 

CO 

.. 7-2% 

ch 4 

.. 46-4% 

H* 

.. 27-9% 

N a - 

.. 11-3% 

Approximate calorific value of the gas is equal to 760 B.TU. 
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( 11 ) 

Amount of ooal distilled 
Temperature of the furnace 
Products •— 

Coke, 8 0 lbs 9 ozs 
Tar oil (moist), 175 c c 
Amm Sulphate 
Gas, 26 7 c ft. 


10 lbs 
525°C 


@ 17 25 ewts per ton 
(2) 8 71 gals ,, „ 
@ 8 2 lbs „ „ 

@ 5,980 c. ft „ „ 


Analysis of Gnu 


COo 

0 2 

Unsaturatetl 

CO 

ch 4 

h 2 

n 2 


4 24% 

0 15% 

2 9% 

9 4% 

44 4% 
26 83% 
12 08 


Approximate calorific value of the gas is equal to 750 B T U 


( 12 ) 

Amount of coal distilled 
Temperature of tho furnace 

Products — 

Coko, 7 lbs. 1 oz 
Tar oil (moist), 120 o c 
Amm. Sulphate 
Gas, 12*9 c. ft. 


8 lbs. 

615°C 


(2) 17 0 cwts per ton 
(a) 7 47 gals ,, ,, 

6 7 lbs „ „ 

@ 3,612 c it „ „ 


Analysis of Gas. 


C0 2 

Og 

Unsaturated 

CO 

ch 4 

Hg 

N a 


6 59% 

o 00% 

3 4% 

7 35% 
46-7% 
27-4% 
9-56% 


Approximate calorific value of the gas is equal to 760 B T.U. 
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III Tar o%l fractions (t e Fuel oil, oto ) — 

Samplo No (I) 

Up to 100°C * 

11 3cc 

@08 gal por ton 

100° to 135°C 

12 c c 

@ 0-85 „ „ „ 

135° to i60°c 

8 4 c c 

@ 0 69 .. 

160° to 210°C 

10 1 cc 

@ 0 72 . 

210° to 350°C 

56 co 

@ 3 98 „ „ „ 

Phenols 

19 o c 

@ 10 35 „ „ „ 

Pitch 

18 gins 

@ 12 8 lbs „ „ 

Oil absorbod in paraffin oil-seal 

6 2 o o 

@ 0 44 gal ,, ,, 

Sample No (2) 

Up to 100°C 

10 4 c c 

@ 0 65 gal per ton 

100° to 135°C 

134 cc 

@ 0 83 „ „ „ 

135° to 150°C 

10 2 c c 

@ 0 63 „ „ , 

160° to 210°C 

15 8 c c 

@ 0 98 „ „ ,, 

210° to 350°C 

58 0 c o 

@3-6 „ „ „ 

Phenols 

15 o o 

@ 0 93 „ „ „ 

Pitoh 

18 gras 

@112 lbs „ „ 

Oil absorbod m paraffin oil-seal 

6 5 o o 

@04 gal „ „ 

Sample No (3) 

Up to 100°C 

8 6 c c 

@ 0 535 gal per ton 

100° to 135°C 

4 8 o c 

@03 „ „ „ 

135° to 150°C 

4 4 o c 

@ 0 274 „ „ „ 

160° to 210°C 

12 4 oo 

@ 0 772 „ ,, „ 

210° to 360°C 

48 5 c o 

@3 018,, „ „ 

Phenols 

5 0 c c 

@ 0311. 

Pitch 

. 13 6 gins 

@ 8 46 lbs „ ,, 

Oil absorbed m paraffin oil-seal 

4 0 o c 

@ 0 25 gal „ „ 

Sample No (4) 

Up to 100°C. 

13 c c 

@ 0 809 gal per ton 

100° to 135°C 

4*4 c o 

@ 0 2738 ,, ,, ,, 

135° to 160°C 

4 0 c c 

@ 0-286 „ „ „ 

160° to 2lO°C 

20 9 c o 

@ 1 301.. 

210° to 350°C 

64 8 o o 

@ 4*032 .. 

Phenols 

12 0 o c 

@ 0 7469 „ „ „ 

Pitch 

18 0 gms 

@112 lbs „ „ 

OU absorbed in paraffin oil-seal 

6*3 o.c 

@ 0 392 gals. „ „ 


* For properties *ee end of this paper 
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Sample No (5) 

Up to 100°C 

14 5 o c 

@ 0 7218 gal 

per ton 

100° to 135°C 

8 8 o c 

@ ft 438 „ 


135° to 150°C 

15 ft oo 

@ 0 747 „ 


160° to 210°C 

21 5 c c 

@ 1 0702 „ 

,, ,, 

210° to 350°C 

02 ft c c 

@ 3 0862 „ 


Phenols 

7 ft c c 

(®, 0 3488 „ 


Pitch 

23 5 gins 

11 7 lbs 


Oil absorbed in paraffin oil-seal 

1ft 0 0 

(a) ft 5 gal 



Distillation of the tar — 

Sample No (6) 

150 < c Tar oil (treated with 6% NaOH) 

_ ! _ 

Neutral oil Phenols 1ft c o 

distilled 


Up to^OT! 130M50 o C 150°-il0°C 21Q°-350°C Residual Pitch, 

7cc 12 5 c o 6 c o 35 co 41 gins 

Light oils dissolved in paraffin oil bottle distilled 


Up to 9ft°C. 9ft°-13ft°C 13ft°-150°C 

0*5 ce 25ce 2*3 cc 


Sample No (7) 

150 c o Tar oil (treated with 5% NaOH) 


Neutral oil distilled. Phenols, 10 e o 


I I 4 4 

Up to 130° 13ft°-150°0 150°-21ft°0 210 o -350°C Residual Pitch, 

8cc 12 oo 8oo 37 oo. 40 gins 

Light oils dissolved m paraffin oil bottle distilled 

r 4 4 

Up to 90°C 90°-130^C 130°-150°C 

0*5 o.o. 2*5 o o 0 7 o.o. 
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Tar otl fractions — 


Sample No (8) 


Up to I00°C 

13 6 c c 

@ 3 024 litres per ton 

100° to 130°U 

16 5 c o 

@ 3 696 .. 

*130 p to 150°0 

11 2cc 

@ 2 609 „ „ „ 

160° to 210°C 

13 7 c c 

@ 3-0092 „ „ „ 

210° to 350°C 

73 0 c o 

@ 16 362 .. 

Phenols 

. 160 oc 

@ 3 36 ,, „ „ 

Pitch 

30 gms 

@ 17 9 lbs „ „ 


Sample No (9) 


Up to 100°C 

21 6 c e 

@ 1 076 gals per 

ton 

100° to 136°C 

3 Sec 

@019 „ „ 

,, 

136° to 166°C 

33 ce 

@ 0 164 „ 


166° to 210°C 

12 8 e c- 

% 0 637 „ „ 


210° to 360°C 

62 e c 

@ 3 086 „ „ 


Phenols 

14 e o 

® 0’7 „ „ 


Pitoh 

39 gms 

@ 19-4 lbs „ 


Oil absorbed in paraffin oil-seal 

8 c o 

@ 0 398 gal „ 



Sample No (10) 


Moist tar oil 


@ 7 12 gals per 

ton 

Up to 90°C 

6 7 c c 

@18 litres ,, 


90° to 130°C 

8 c c 

@ 1*792 „ „ 


130° to 160°C 

21 cc 

@ 4 704 „ „ 


160° to 210°C 

4 2 c t 

@ 0 9408 „ „ 


210° to 360°C 

42 7 c c 

@ 9 666 „ „ 


Phenols 

9 9 c c 

@2 218 „ ,, 


Pitch 

42 2 gms 

@ 12 224 lbs. .. 


Sample No (11) 

Moist tar oil 

. 176 c e 

@ 8 71 gals per 

ton 

Up to 90°C 

6 2 c o 

@ 1 166 litres „ 


90° to 136°C 

11 2 o c 

@ 2 61 „ „ 


136° to 160°C 

20 c o 

@ 4-48 „ „ 


160° to 210°C 

.. 10 2 c c 

@ 2-2S& „ „ 


210° to 350°C 

. 96 c.o 

@ 21-28 „ „ 

99 

Phenols 

. 11 cc 

@ 2 464 „ „ 

99 

Pitoh 

19 gms 

@ 9-46 lbs „ 

99 


* Thu includes 8 o.o. of a fraction which has been dissolved in the paraffin oil-seal. 
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Sample No (12) 


Up to 90°C 

9 0 c c 

@ 2 52 litres 

pei 

ton 

90° to 135°C 

10 c c 

® 28 



135° to 150°C 

14 2 c p 

@ 3 97 „ 


Jf 

150° to 210T 

5 2 o c 

@ 1 46 „ 



210° to 350°C 

53 0 p p 

@ 14 84 „ 


9f 

Phenols 

8 0 l c 

@ 2 24 „ 


99 

Pitch 

21 gms 

@ 13 1 lbs 


„ 


Average for Nos 
Up to 90°C 
90°-130°C 
130°-150°C 
150°-210°C 
210°-360°C 
Phenols 
Residual Pitch 


6 and 7 Tar oil fractions — 

0 112 litre *).. , , , . 

2 352 hires / Molor "P n ‘> •*' r t0 “ ol < °» l 

1 H^litres” } Clglit oil, korosene, per ton of coal 

8 2 litres Fuol oil ,, „ 

2 25 litres (Carbolic acid and Creosote oil), per ton of coal 
19 7 lbH per ton of coal 


Difficulty is usually oxpenenood in the carbonisation treatment of low 
grade coals either by low or high temporature methods Thoso difficulties 
are due either to the high percentage of ash in these coals, or low binding 
power of its particles, or m some cases duo to the presence of a considerable 
amount of binding matorial in the coal in the low temperature method if 
the coal does not possess sufficient binding property, the defect is rathor of 
a serious nature becauso in that oaso the coke beoomos very friable But the 
presenoe of u very large quantity of binding material is also sometimes rather 
inconvenient, especially when it is combined with a high swelling mdex of the 
coal Sometimes in such oases distillation becomes impossible The reason 
is, as has been explained before, that after the distillation has started the 
layer of coal immediately next to tho hot walls of the retort molts and becomes 
frothy, this combining with the Htill unchanged coal lying next to it forms 
a solid non-conductive layer surrounded by a layer of coke from which most 
of tho volatile matter has been expelled Conduction of heat in the interior 
of the retort from such a spongy mass becomes slow and before the above- 
mentioned solid layer of coal, formed by the mixture of plastio coal and 
undecomposed coal, becomes hot enough to melt, and again becomos frothy 
with the evolution of gas, a considerable amount of time is spent The plastic 
mass, together with particles of coal still lying undecomposed above it, is 
pushed all about the inside of the retort by the pressure of the escaping gases, 
whose pressure increases gradually due not only to the evolution of gases but 
also, usually, due to the ohoking of the outlet pipe by the plastio ooal-ooke 
Although we had started our experiments with a retort only half-filled with 
coal, in the course of time the whole of the interior of the retort becomes 
filled up with ooke and ooal When we extracted the ooke of such coals we 
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found that the coko was quite fund round the periphery while it was lighter 
and spongy towards the coro TIhh is duo to tho greater pressure to which 
the coal in tho periphery was subjected by the evolving gases In the case of 
such coals, tho distillation period bocomes very much protracted and due to 
occasional ohokmg of the outlet near about the end of the experiment, the 
volatile matter comes out slowly and spasmodically Therefore, in caso of 
such coals, wo wore compelled to carry out our oxponmonts with a smaller 
quantity than usual That is the reason why m tho tables on pp 368-373 it 
wdl bo found that some oxponmonts had boon earned out with 10 lbs of coal 
and others with a smaller quantity, our ‘ optimum quantity ’ in tho retort Tho 
figures are invorsoly proportional to tho degree of plasticity and swelling index 
of the samples For mstanco, we first tnod to distil 10 lbs of oui sample 
No 11 But scarcely had the distillation been continued for an hour, the 
gases and volatile matter started leaking profusely through the various joints 
of tho retort whilo thoro was practically no flow of volatilo matter through the 
absorbent system Whon this was tho case, the distillation was discontinued 
and wo liad to find out a way to get ovor the difficulty 

Whon tho retort containing tho products of our experiment was opened 
by lomoving tho flanges, tho whole of its inside was found to bo filled up with a 
frothing, swelled, mass of partially distilled coal Wo were, therefore, obliged 
to find out the optimum charge of each ot our samples by trial Thus it may 
bo understood that we have earned out out experiments with optimum charges 
for our retort (see table on p 380) In ordei to determine tho practicable 
quantity of each typo of coal to be placed in tho retort (so that satisfactoiy 
results may bo obtained) we carried out the following simple experiments by 
means of which tho amount of the optimum charge could be found out. 

This is a modification of the method used by the research staff of the 
Woodalt Duckham Co {Qua Journal —‘Coke Number’—November 9th, 1925, 
page 16) But at Woodalt Duckham Co’s laboratory the coal was tostod by 
means of a button which was treated in an ordinary silicate orucible at 
900°C In our case, however, we did not find this heating, right up 
to 900°C, quit© satisfactory It gives sometimes misleading information 
regarding the swelling property of some of our samples, the reason being that 
certain coals swell at low temperature and do not look swelled so much 
at 900°C This is due to the fact that at a certain stage between its 
swelling points at about 5OO°-0OO°C , the coke collapses and at the higher 
temperature of 900°C we find it showing a much lowor volume than at a lower 
temperature 

Sometimes also a coke which may bo swelling at 900°C may bo quite 
non-swelling at 550°C For this purpose some preliminary experiments had 
to be oarnod out to avoid any serious breakdown in the middle of the experi¬ 
ment This preliminary experiment consists of the following *— 

About one gram of the finely powdered coal was made into a loose tablet 
by means of a small screw compressor and this was placed in a small oovered 
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Bihoa oruoible. The crucible was then placed mto a mufflo furnace whose 
temperature was maintained at 560° to 600°C A reducing atmosphere was 
maintained round the crucible by putting a few pieces of wood charcoal within 
the mufflo Violent evolution of gas takos place within a minute or two and 
the gas sets itself afire A fiamo is formod round tho lid of the crucible 
This is watched through a hole in tho door of the muffle The time of the 
evolution of the gas and disappearance of the flame is notod and even after 
the flame has died out the cruciblo is allowed to remain inside the mufflo for a few 
minutes It is thon taken out and tho coko button in the ciucible is examined 
for swelling properties As stated above, this simplo experiment has helped 
us a good deal to determine tho appioxnnate amount of the coal to be charged 
in our retort lor each experiment 

Tho same experiment was also made to determine the most suitablo blend 
of our samples Nos 10 and 11, for tho low temporaturo carbonisation test 
Both of these are coking coals but their coke buttons behave vory differently 
under different conditions For instance, the coke button of sample No 10 
at 900°C shows vory little swelling while that of sample No 11 was found to 
bo of a vory highly swelling nature Both of them formed coke No 11 again 
not only booomos a very highly swelling coko during low temperature tests but 
it becomes very plastic during the experiment In this plastic Btato it chokes 
the outlet and checks tho evolution of volatile matter Tho plastic coal forms 
a spongy mass which on the surface has a frothy uppearance As explained 
above m certain cases the frothy mass forms a non-conducting layer round 
the still unaffected coal powder m the cruciblo and develops a rather hetero¬ 
geneous texture of the coko of the low temperature carbonisation process 
No 11 possesses almost double the plasticity and swelling power of sample 
No 10. For all these reasons eamplo No 11 alone is not very suitable for low 
temperature coking It can be used for high temperature practice, where the 
swollmg of coke is not of much consequence and where a large quantity of gas is 
welcome. Sample No 10 does not show the plasticity and swelling of No 11 
and the coke is hard and compact with little or no spongmesB But blending 
of samples 10 and 11 reduoes the excessive swelling tendency of the mixture 
during distillation A 60% mixture behaves almost exactly as pure sample 
No 11, and ultimately it was found that the best coke can be made out of these 
two ooals by a mixture containing 30% of sample No 11 and 70% of sample 
No 10 Suoh a blend Bhowed vory little sign of plasticity and swelling, 
and the distillation period was much loss protracted than that of sample 
No 11 The yield of volatiles was also more than that for pure No 10. The 
coke was fairly hard, compact and of uniform structure. 

In the following table we have given a tabulated list of our samples showing 
the nature of their low and high temperature coke buttons, the nature of 
their cokes and the optimum distillation charge of each one of them for our 
own retort 
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Number of the 
coal sample 

Nature of tho 
low temperature 
coko button 

Naturo of the 
high temperature 
coke button 

Optimum 

distillation 

charge 

Nature of the 
low temperature 
coko obtained 
aftor assay 

1 

Normally cakod 

Slightly less 

7 lbs 

Fairly hard oom- 


fairly swelling 

caking and 


pact structure 


swelling than 


on the surfaoo 



the low tern- 


with spongy in- 



perature but 
ton 


teraal structure 

2 

Cttkt <1 a n tl 

Very little swell 

8 lbs 

Fairly hard and 


slightly swell¬ 
ing 

mg and com¬ 
pact coke 
button 


compact coko 
with slight 



spongy internal 
structure 



1 

Caked a n <1 

Swelling more 

8 lbs 

Fairly hard anil 


slightly bwoII 

appreciable 


compact coke 


ing 

than in the case 


with shght 


of low tempera 


spongy internal 



ture coke 

button 


structure 

4 

Do 

No appreciable 

10 lbs 

Robust and com 

r> 

No appreciable 

swelling 

Very slightly 

10 lbs 

pact coke 

Hard, robust and 


swelling 

caking and 

swelling 

Slightly taking 


compact coke 

fl 

Do 

10 lbs 

Hard and com 



and swelling 


pact coke with 
graphite surface 

7 

J)o 

Do 

10 lbs 

Do 

8 

Very Rliglit 

Non caking. 

10 lbs 

Do 


swelling and 
caking 

mass apparent 
ly shrinks m 




size slightly 


Do 

l» 

Do 

Do 

10 lbs 

10 

Very slight 

Very slight 

10 lbs 

Hard and robust 


swelling and 
non caking 

swelling and 
caking 


coke 

11 

Very highly 

Normally swell 

15 lbs 

Swelled coke with 


swelling and 
caking 

ing and caking 


frothy surface 
appearance and 




spongy internal 
structure 


12 

Slightly swelling 

Do 

8 lbs 

Slightly swelled 


and caking 



cokes fairly 

hard with very 





uniform internal 
structure 


Properties of the Distillates 

We hope it may not be out of place if for ready reference we add at 
this plaoo some of the most important uses of the tar oil fractions as obtained 
from the coals treated by us 

Distillation temperature up to 100°C. (Neutral light oil) —This fraotion has 
all the properties of petroleum ether and solvent naphtha and mixed with the 
next fraction can be used as motor spirit. 

Distillation temperature up to 136°C. (Neutral light oil) —This is equivalent 
to petrol or motor spirit as is obtained m the petroleum refineries. 
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Distillation temperature up to 150°C (Neutral oil) —This is equivalent to 
the lightest kerosene known as white kerosene obtained in the petroleum 
refineries 

Distillation temperature up to 210°C (Neutral oil) —This is equivalent to 
heavy kerosene known as yellow kerosene obtained m the petroleum refineries 
Neutral heavy oil —This fraotion distilling between 210°-360°C has been 
considered as a whole The specific gravity of this fraction is 0 95 and flash 
point as determined by us is 171°C The last portion of this fraction, distilling 
between 300° to 350°C, possesses a greasy consistency. With a suitable 
blending material this can be converted mto vaseline and lubricating greases 
Separated from the greasy matter, the heavy neutral oil becomes loss viscous 
and as such can be suitably employed as fuel for the Diesel engines, or after 
craokmg can be changed into motor spirit, lubricating oils, fuel or Diesel oils 
Hydrogen, hydrooarbons and carbon black can also be manufactured out of it 
Phenol —This is the dark red liquid having a speoifio gravity 1 06 to 
1*1 and possessing a strong creosotic smell obtained after the separation of the 
heavy oils It can be employed as a disinfectant or for oreosotmg timber, or 
it can be directly employed for Bakelite industry where Buoh mixed phenols 
are nooessary. 

Pitch —The last residue of our distillation is pitch The uses of ooal 
tar pitch aie many and are constantly increasing 

The gas obtained from our low temperature carbonisation experiment 
has a very high ealonfio value It can be economically employed for firing 
boilers for the generation of elootrio power As the problem of storing of such 
large quantities of gas has not yet been solved, it seoms quite reasonable that 
its oombustion in the boilers is so far the most profitable way of utilising 
the gas The gas can also be utilised in gas engines Nowadays even motor 
cars are running by suoh gas The start which the Government of Bihar 
has given in this direction needs special mention For the suocess of their 
newly oonoeived electrification scheme, they propose to generate power 
by firing their boilers with this ‘waste’ gas They have reoently installed 
an experimental low temperature coking plant at the Science College, Patna, 
for conducting systematic researches with various samples of low grade Bihar 
coal The junior author, Mr. S S. Ghosh, M.So., is the ohemist m charge 
of this plant. The mam purpose behind this experimental plant is to make 
good smokeless domestio ooke out of poor grade coals and recover the valuable 
by-products suoh as tar, ammo nium sulphate and gases How far the gas 
can be utilised to generate power will also be investigated. 

We are grateful to Dr. C S Fox, Direotor, Geological Survey of India, 
for his very kindly reading through the manuscript of this paper and making 
many useful suggestions. 

Our thanks are due to Prof. B. C. Boy, M.So. (Leeds), of the University 
College of Scienoe and Technology, Calcutta, for offering facilities for oonduoting 
6 
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these researches in his laboratory and also for many useful suggestions. 
Thanks are also due to Prof S K Bose, Indian School of Mines, Dim n bad, 
who rendered some financial assistance to prosecute the work and to Mr S K P 
Sinha, B Sc (Glasgow), Special Offioer in charge Electrification, Bihar, for 
his keen interest throughout the research work 
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BRIQUETTING OF COAL IN INDIA 

By C. Forbbsteb* A H W C , FIC, PhD, FR8E , 

Fellow of the Institute of Fuel. 

This is a subject that, like that of the cleaning of ooal, has not had given to 
it the attention, by practical men, that it appears to deserve Enormous 
quantities of Indian coals that are for one reason or another olasaed as 'waste’ 
or 'low grade’ are not satisfactorily disposed of, and the history of the coal¬ 
mining industry furnishes innumerable instances of suoh waste or poor-selling 
material being (usually temporarily) a drug on the market and presenting a 
serious problem to the industry Fluctuations in the requirements of the 
various grades and sizes of coals, as regards both quality and quantity, alter 
the aspects of the associated problems, but it will probably be admitted that 
the disposal of slack ooal, even though it is not at present a specially urgent 
problem, has been a cause of great oonoem to the industry m the past and 
may be so again m the future. 

So far as utilisation of slack ooal is oonoemed the development of chain 
grates and automatic stokers as well as of pulverised ooal has, of oourse, 
mitigated this evil There are tunes, m fact, when the smaller sizes of coal 
fetch a higher pnoe than the larger. But there are coals m India that are so 
extremely finable that even locally their utilisation is not yet satisfactorily 
dealt with. Particular reference might be made to the coals of Assam and the 
Punjab These latter cannot be satisfactorily used on travelling grates, or 
at least not so satisfactorily as ooals of better ooking quality Their conversion 
into briquettes would appear to be one possible solution to an undoubted 
problem 

But the briquetting of ooals is a method of treatment that need not be 
confined to those friable deposits, and the possibilities of briquetting slack 
ooal of the Ramganj and Barakar Senes and of other Gondwana coals may 
yet become an important subsidiary industry. 

What are the mam problems ? They are: (a) selection of a bmder and 
its oost, (6) selection of a process or of a type of bnquette (the word is used 
in its most general sense). 

Now the earliest type of binder used is the one that is still the most 
successful and the most favoured, namely pit oh. There are many different 
types of pitoh, eg. coal-tar pitch, petroleum pitch, eto. The latter is the 
brat for consolidating small ooal into a ooherent form, as a smaller percentage 
is required than when ooal-tar pitoh is used, and ooal-tar pitch does not give 
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such a good ‘finish’ to tho product. But coal-tar pitch is muoh cheaper than 
petroleum pitch In Britain the former costs about 30« per ton (at present, 
1939, on account of largo surplus stocks, the price is as low as 21s per ton) 
Petroleum pitch oosts, in Britain, as much as 70s per ton One firm manu¬ 
facturing small (ovoid) bnquettos uses as little as 4$ per cent of petroleum pitch 
as against 7 per cent of coal-tar pitch The total briquetting costs in the 
USA amount to about one dollar per ton, $1 06 is given as a recent 
avorage, which is equivalent to Rs 3 approximately, the pitoh aooounting for 
Rs 2-2-0 

The corresponding prices for India are not at prosont available Unfor¬ 
tunately, therefore, it is not possible to offer reliable comparative figures for 
the prooess But a year or two ago pitch was selling at about Rs 36 per ton, 
and more recently the pnee has been as high as Rs 68-8-0 Taking the lower 
figure and allowing for, say, 6 per cent of pitch for binding the small coal into 
oohoront form wo see that about 6 per cent (t e approximately one-twentieth) 
of Rs 36 has to be added to the price of coal per ton to obtain the price of 
tho briquette, without taking into consideration the cost of the process An 
addition of approximately Rs 2 per ton for binder alone is thus inevitable 
under present conditions 

What is the alternative ? Theoretically thoro are sovoral One obvious 
one is to substitute, for coal-tar pitch, a cheaper binder Many have been 
tried, and such substancos as rice husks, bisulphite wasto liquor from the 
paper-making industry, molasses, waste jute products, etc are obvious sug¬ 
gestions But nearly all those substitutes have been found to give briquettes 
that do not stand tho sovero tests of a tropical climate Tho soft coke industry 
and perhaps the low temperature carbonisation industry, if it is ever estab¬ 
lished in this oountry, will probably offer a part solution to this problem by 
providing a cheaper pitch The author favours the development of the soft 
ooke industry along lines that would involve no very great departure from 
present mothods othor than to attempt to recover a substantial proportion of 
the tar Even at the nsk of adding to the present alleged surplus of coal tar 
it might bo worth while rendering available larger quantities of tar to provide 
the neoessary pitch. Whether the plastios industry will provide an outlet for 
the other distillation products and thus solve the parallel problem of their 
disposal only time can tell 

The obvious solution at present is to avoid the use of a binder entirely, 
te to try to make briquettes without a binder and thus avoid adding this 
source of diroot expense Till reoent years attempts to briquette coal without 
a binder have not met with much suooess. Six years ago the author personally 
investigated the claims of one promising prooess, but a short time after his 
return to India it was learned that the prooess had not been a commercial 
suooess. later information (obtained privately a few months ago) is to the 
effeot that methods for consolidating coals without a binder are now 
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economically sound The more interesting and important fact, so far as India 
is ooncorned, is that oertain Indian Gondwana coals are eminently suitable for 
the manufacture of briquettes without tho use of a binder 

Tho pressures used lti this type of briquetting process vary within wido 
limits, as much as 20 tons per square inch being necessary to consolidate 
anthracites and anthracitic coals, but coking coal slack has boon, and is being, 
successfully briquetted at as low a pressure as 1 6 to 2 tonB per square inch 
But these lower pressures are generally found possiblo only by first heating tho 
coal to the temperature of moipient fusion, e g about 460°C 

Agglutinating long-flame and other high-volatile coals require a higher 
pressure, eg up to about 0 tons per square inch, accompanied by hoating to the 
optimum temperature, usually a temperature ascertained within fairly nairow 
limits, from 400°C to 420°C 

The great advantage of‘pure coal’ briquettes, as thoso non-binder forms 
of consolidated‘smalls’ are somotimes called, is thou comparative smokeless¬ 
ness Pitch used as binder adds greatly to the smokiness of the product 
when burnt 

So far as costs go, the pitch processes would appoar to bo more oxponsive 
than thoso employing high pressures and no binder Figures for manufacture 
of small briquettes (‘ovoids ’) in England vary from as little as Be per ton, 
using no binder, to 7 a 6 d per ton, using pitch But these figures must be 
accepted with oaution as every head of expenditure m India gives rise to 
totally different costs Careful calculations made m very recent investigations 
show that the cost of making ovoids without the use of a binder would probably 
be approximately Be 2-15-0 per ton (Private communication ) 

The other problem of selection of type of process is equally interesting 
The word ‘briquette* means, of oourse, small bnck and, by extension, brick¬ 
shaped article Originally briquettes were manufactured by consolidating 
extremely low-grade slack and dust coal into brick-shaped lumps and were 
used either on railways (as is a widespread practice in France and Belgium) 
or as a domestio fuel Some of the briquettes commonly used by railways on 
the Continent are two or three times the size of ordinary bnoks and the name 
is no longer striotly appropriate These large bnck-shapod briquettes offer 
the advantage of economy of space m storage, on account of their permitting 
regular stacking 

At the other end of the scale we have the more reoent development of 
the manufacture of extremely small lumps usually egg-shaped and known as 
‘ovoids’ The present author strongly advocates the development in India 
of the manufacture (without the use of a binder, if possible) of ovoids for 
all purposes requiring a solid fuel whose combustion should be easily and, if 
necessary, scientifically controlled And ovoids present the special attraction 
that they will probably always be more likely to be successfully manufactured 
without the use of a binder than can the orthodox briquette. 
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There would appear to be scope for the development of a pitoh-making 
industry in conjunction with the soft coke industry solely for the purpose of 
providing a cheap pitch for bnquette-making and also for the manufacture of 
ovoids from small and dust ooal without the use of a binder Recent investiga¬ 
tions by experts have conclusively proved that Barakar and Raniganj coals 
are definitely suited for the processes. 



BRIQUETTING OP COAL 


By A N Mukhkrjee, Dr -Ing , B Sc , A 18 M , By-product Plant, 
Gmdth, EI By 

Introduction. 

Briquetting is the name given to an agglomeration of small ooal, coke 
breeze, charcoal dust or bog turf together with some binding material con¬ 
sisting chiefly of coal tar or pitch According to Menzel, 1 the oldest record 
states that the ball-shaped compressed coal originated in China Hugh 
Platt 8 described in 1603, in a pamphlet, a new compressed fuel manufactured 
m the year 1694 in the neighbourhood of Lakeland m Germany, made of 
coal dust, saw dust and oak tan-bark, with cow dung as binding material 
The first coal briquette factories were — 

In Franoe, 1842, at Bernard, near St Etienne 
In England, 1846, at Newcastle-on-Tyne 
In Germany, 1861, at MOhlheim-on-the-Ruhr 
In Europe, during the past 60 or 70 years, the briquetting industry has 
been developed and at present it has impressed its importance among the 
world’s industries In the U S A , the expansion of the industry, with its 
increasing value m economising waste products, has been brought into notice 
very reoently because the U S A has been so amply endowed with excellent 
mineral fuels that very little attention was given before to the utilisation of 
ooal waste, screenings and other combustible matter m their manufacture 
into briquettes 

Evidently, this industry is m its most advanoed condition m countries 
possessing large areas of inferior qualities of coal or with broad localities of 
peat bogs and where fuel is high-priced. It has also been largely developed 
m the countries in whioh by-product coke oven plants are in use producing 
coal tar which can be used in its crude form or distilled to pitch, thus con¬ 
tributing the important binding material in the manufacture of briquettes 
It may be noted m this connection that in most of these countries m whioh 
the briquette industry has been developed the price of coal is very high To 
insure a market for the briquette products, the prioe must be considerably 
lower than that of good coal m the several bnquette-produoing countries 
At the time, Germany 8 is the largest produoer of briquettes and with the 
development of this industry there has been invented many varieties of 
briquetting machines Briquettes form the pnnoipal domestic fuel of Berlin 
and other oities and districts m Germany. They are used in locomotives and 
other steam fires and are employed for hearing in various processes of manufac¬ 
ture German briquette factories are divided, in respect to the crude material 
employed, into two general groups: those that make household briquettes 
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from brown ooal (lignite) or carbonised peat, and those that produoe the so- 
called * Industrie Briquette ’ using as basic material coal dust or slack household 
briquettes, as made m Germany from brown coal or peat, and used m grates, 
heating stoves, cooking stoves and ranges Thoy are cheaper m Germany ton 
per ton than good bituminous coal Industrial bnquottos are used m Germany 
for firing looomotives and other steam boilers, for smoking and rovorberatoiy 
furnaces and for many other kinds of industrial use 

The manufacture of ooal briquettes known as patent fuel is not conducted 
on a very extensive soale m Great Britain In the establishment of briquetting 
plants in the USA and also in Canada the same degree of success has not 
materialised as in Europe This is mainly due to the difference in the available 
fuels and thoir method of utilisation in Europe 

Franoe, Belgium, Austria, Hungary, Netherlands, Norway, China and 
Japan have also taken up the manufacture of briquettes m a small way 

Fuel briquetting has for its aim tho accomplishment of tho following 
objeots — 

(1) The utilisation of the fine material (slack ooal) unavoidably made in 

the mining and handling of coal 

(2) The creation of a good hard fuel to burn practically without smoke 

or odour 

(3) The concentration of the greatest number of heat units into the 

smallest Bpaoe practicable, by cleaning and compressing material 

of inferior heating value 

In the mining of ooal, a large proportion of tho output of a mine is often 
neoessanly dust, slaok or culm, of whioh a certain amount is wasted In the 
case of ooking ooals, the slack is generally charged into ovens, but dust of 
other coal is usually wasted 

The advantage of using fuels that burn without smoke or odour is very 
great, especially in big cities where dense trailing clouds of smoke coming out 
of the ohimneys of mills and factories pollute the atmosphere To appreciate 
the advantage of using the briquette or patent fuel, one should contrast some 
American cities or English towns with those of Germany where the briquette 
is largely used for industrial and domestic purposes 

The third object—that of obtaining concentrated fuel—is very important 
from a national point of view in a country m whioh large deposits of inferior 
quality of ooal oocur. This ooal can be very economically used in the manu¬ 
facture of briquettes whioh will burn praotically without smoke and produoe 
more oalonee of heat than produoed by the raw fuel 

Briquettes are made in various shapes and forms They are made m 
sizes varying from 20 pounds eaoh to a size that takes several to make a pound 
Industrial briquettes are usually of a square or oblong form, convenient to be 
paoked or built up into a pile like brioks. The domestic briquettes are generally 
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of smaller sizes varying from $ pound each to 2 pounds and they are of egg- 
shape or oval-shape 

The fuel bnquotte should satisfy the following specifications it must be 
hard, homogeneous in density and size and only vory slightly hygroscopio 
and should burn almost without smoke or odour, the breakago caused by 
handling should not exceed 5%, it should ignite roadily and retain its shape 
when completely burnt. 

Methods and Costs of manufacturing Briquettes 

Briquettes may be made of any one of the following materials • Coal 
slack, screenings, or dust, anthracite screening or i tilm, coke breeze or small 
coke, lignite coal, charcoal, peat or torf, petroleum The method of manufac¬ 
ture may be divided into two general groups’ 

(1) Briquetting With binding material, whero the coal or coke must be 
compressed with bonds in order to manufacture briquettes The binding 
materials used for binding together the small particles of fuel employed 
in making briquettes are various, amongst them being asphalt, coal tar, 
pitch, petroleum, molasses, magnesia cement, starch paste, eto 

The most common binder used is pitch m its various forms Tho hard 
pitch 4 used for briquetting should contain 76% to 80% of carbon and only 
26 to *6% of ash Though tar and soft pitch are ako used as binders, they 
have many disadvantages which do not apply to the same extent to hard 
pitch. The presenoe of the light and heavy volatile hydrocarbons in the tar 
and pitch creates smoke and smell when this binder is usod in briquettes, 
also, the point of distillation of soft pitch is about 400 degrees fahrenheit, while 
that of hard pitch approximates 800 degrees fahrenhoit Thus briquettes made 
with soft pitch havo to be kept oool or thoy will soften and, by stioking together, 
form large lumps Among the other organic binders, the most important are 
staroh paste and sugar molasses, but these have not as yet attained more 
than local importance 

The most suitable inorganic bmder is magnesia cement, which is both 
oheap and abundant Tho use of 6% 6 of this material is said to produce a 
stronger briquette than that made by any other bmder, when 6% of this bmder 
is used, the quantity of ash added amounts to but 2 6% The process of using 
magnesia oement is very simple and oheap, as no drying is required and the 
only fuel expended is that for power The bnquottes harden gradually at the 
ordinary temperature, and after from 6 to 10 hours are strong enough to be 
stored or handled, in a few days they are oapable of standing a pressure of 
from 7,000 to 22,000 pounds per square inch But on account of the higher 
ash oontent it is not preferred in the market wherever good hard pitoh briquettes 
are available. 

The manufacture of briquettes includes coal orushing, wasting, and 
drying prooesses 8 
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First, the ooal must be thoroughly cleaned and separated from all 
extraneous matter, the cleaner the product, the higher the value of the 
briquettes. 

Drying is done in some instanoes in drying furnaces These fumaoes 
being especially employed for ooal that is of a semi-bituminous nature, because 
it becomes slightly softened and in such cases the pitch is introduced either 
immediately before or after the coal has passed through the furnaoe thus 
reduomg the quantity of pitoh required 

The next process is crushing the ooal This is done either by rolls, stone 
breaker or other disintegrator It is very important that the coal Bhould be 
reduced to a uniform size The most satisfactory results are obtained from 
coal of an even size (£ inch) or from slack The finer the ooal the greater is the 
quantity of pitch required to agglomerate it 

When the wet or melted pitoh process is employed the pitch is commonly 
mixed with 10 to 15% tar In cases where the dry pitch process has been 
adopted, the pitoh is broken m a mill or cracker, then added in suitable quantity 
to the ooal and the mixture is passed through a disintegrator An intimate 
blending of the two ingredients is thus ensured The mixture whether it has 
been heated in a furnaoe or not is finally heated m a heater or pugmill to render 
it perfectly pasty The heat is obtained either by a steam jaoket, which is 
called the ‘dry heat system’, or by direct injection of the steam into the mixture 
which is oalled the wet steam process or by a combination of the two The 
temperature of the paste m the moulds of the press should not be lower than 70 
degrees oentigrade nor higher than 90 degrees centigrade The amount of pitch 
required as binding material vanes with its quality, character, and quality of 
ooal and its shape of division and with other circumstances which cannot be 
well determined except by experiment On the Continent the average is 6 
to 9% and in Great Bntam 8 to 10%. The average amount of water present 
in the paste should not be less than 3% and not more than 5%. 

The presses used for bnquetting are of vanous types There are two 
general types whioh are mostly in use: the press with open mould and the 
press with dosed mould The closed mould type is divided into two classes 
tangential press and plunger press A large number of these presses are m 
operation making briquettes of all sizes. The pressure used depends on the 
quality of ooal and binding material employed If the ooal is soft and large, 
a light pressure will suffioe. If a fine ooal is used, the pressure ought to be 
heavy Light pressure can be used for molasses, as well as when a great 
amount of pitoh is used for agglomeration. 

(2) Briquetting without binding material —This prooess consists in manu¬ 
facturing oompaot briquettes from coal dust or slack ooal by pressure, such 
ooal must oontain 5 to 12% of water and high bitumen or resin oontent. 
Considerable attention has, in recent years, been devoted to the briquetting of 
ooals without bmder or with a small proportion of binder and presses that 
would give these results with a reasonable pressure have been designed. 
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A notable bnquetting process was patented by E R Sutoliffe 7 (British patent 
No 5108) This invention consisted in reducing the coal to a very finely 
divided condition, as would pass through a 200 mesh and compressing the raw 
material so as to produce a hard homogeneous and stonelike briquette In 
this process homogeneous briquettes from blends of coal have been made 
without the aid of a bmder, subjecting the coal to a pressure of about 10 tons 
per sq moh The briquettes are subsequently carbonised at temperatures 
varying from 400 degrees to 1,200 degrees centigrade The advantages to be 
derived from briquetting, as a preliminary to carbonising and gas-making, 
are many Improvements m heat conductivity, the prevention of expansion 
and sticking troubles and increased yield of volatile products are some of the 
advantages accruing from briquette carbonisation 

Some instructive experiments on carbonisation of briquettes were earned 
out at the works of the South Metropolitan Gas Company The bnquettes 
from a blend of 76% of Durham coal with 26% of coke breeze were carbonised 
at high temperature and the results compared with those obtained when using 
100% of the same Durham coking coal The results shown in the following 
table were obtained *— 


Yields from Durham coal and briquetted mixtures 8 


Yields 

Ordinary 

coal 

Briquetted mixtures 


A 

B 

Gaseous therms per ton of coal . 

74 7% 

68 2% 

71 1% 

Tar therms per ton of ooal 

16*1% 

31 1% 

27 5% 

Total volatile therms per ton of 
ooal 

90 8% 

99 

98 6% 


The total yield of therms as a result of briquetting has increased nearly 
9 per oent 


Goat of making Briquettes 9 

The cost of making briquettes or patent fuel vanes greatly, according 
to the location of the plant and the kind of material used. Plants are usually 
equipped as follows: One set of oham elevators; one pitch oraoker; one mixer for 
mixing the coal and the pitoh (or any other binding material) m the proper 
proportion; one disintegrator for pulverising the ooal and pitoh, one vertical 
heater; one briquette machine; steam engine; other neoessary arrangements 
for driving the various items of the plant The average capacity per day of 
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the plant depends entirely on the number of machines in use In some plants 
not more than 40 to 60 tons of briquettes are made per day of 10 hours, while 
in more elaborately equipped plants 100 to 120 tons of briquette are turned 
out m the same number of hours The estimated cost of manufacturing 
briquettes including raw material, labour, and interest on money invested, 
is about 26 shillings per ton in England and 9 to 10 marks m Germany 

Brxquetixng of Coal xn India 

Briquetting of ooal is not done in India In many parts of our coal- 
produoing districts, immense stocks of unused fine ooal has been wasted This 
material affords, when washed, the best substance for the manufacture of 
briquettes, especially for domestic purposes Next to the slaok coal wasto, 
tho waste of coke breeze at the coke plant offers very desirable material for the 
manufacture of briquettes About 2 to 3% of breeze is mado in the manufac¬ 
ture of coke As India produced in the year 1936, 1,769,036 tons of hard 
coke, the amount of breeze at the low estimate of 2% would be 36,000 tons of 
dean coke dust for briquetting All or nearly all of this is at present wasted 
It is quite probable that this coke breeze could be secured for the removing 
of it from the coke works or at most at a mere nominal price Briquettes 
oould therefore bo made at a moderate cost These briquettes would be very 
nearly smokeless, the only smoke-producing substance being the pitch used as 
binding material 

Much of the inferior quality coal of India oould be manufactured into 
briquettes with a minimum percentage of the binding material 

The reason sometimes given by our industrialists for not turning their 
attention to the manufacture of briquettes in India is the scarcity of pitoh 
and the cost of manufacture whioh will be higher than the price of other fuels 
available in India It should be noted that almost any resinous or tarry 
matter may be used as binding material for making briquettes Molasses 
acts as a good binder and is available in large quantities in India at a very 
moderate prioe At present it is either wasted at the sugar plant siding or 
sold at a nominal price 

The estimated cost of manufacture of briquettes in India including raw 
material, labour and interest on capital invested, will be about 3 or 4 rupees 
per ton. The oost of a briquette plant with a capacity of 40 tons per day of 
10 hours will be approximately 7,000 pounds m India 

It is to be hoped that immediate attention will be paid to the utilisation 
of the inffcnor quality of ooal of India, slack ooal and coke breeze, whioh have 
very little demand in the market and are wasted, for the manufacture of 
briquettes The bnquette industry will not only solve the problem of economic 
utilisation of the neglected fuel resources of our country but it will also Bolve 
the smoke nuisanoe problem of our cities 
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THE UNDERGROUND GASIFICATION OF COAL 


By Cybil S Fox, D 8 c , MS Mm E , Geological Survey of India 

The Bubjeot of the underground gasifioation of ooal has been reoemng 
a great deal of attention in the U S 8 R for the past five years and although 
two years have now passed since I was in Russia and made personal enquiries, 
there has still been no report of the process operating m an established 
manner. 

It will bo of interest to review the history of the Russian efforts They 
olaim that Mendeleyev recommended the idea independently of the English 
ohomist Sir William Ramsay who is believed to have suggested this method of 
using ooal As I have not seen the original reference I am unable to say what 
was suggested. 

The Russian experiments, so far as I could gather, arose m a logical way 
as a result of necessity Owing to a great shortage of wagons they found 
considerable difficulty in supplying the demand for ooal for various important 
industrial centres and power stations for manufacturing plant 

The polioy they adopted was to send ooal by tram to the more distant 
consumers and to prepare gas at the collieries and pipe this fuel to the nearby 
steam-raising plant The success seems to have been complete as Moscow 
was to be supplied with gas in this way from Tula, 100 miles away. 

Many ideas have followed for the complete gasification of ooal at the 
collieries where produoer and other gas works were established for the generation 
of gas and plans were made for elaborate distribution of this gas by pipe lines 
to the power stations where the gas is burned under boilers 

The idea of having the gas producers at the bottom of shaft, that is under- 
ground instead of on the surface, was obvious as this would save the haulage 
of the ooal and the disposal of the olinker and there would be some economy 
m expenditure to say nothing of the novelty of the thing 

The zeal to do better and better with regard to bold sohemes is a feature 
of Soviet Russia and so Mendeleyev’s idea was revived and the astonishing 
daring of the operation made it a popular thing and thus it seems that permission 
was obtained to burn the ooal t» eitu for gas. 

All the details I was able to secure show that complete gasifioation of the 
ooal seam is aimed at but I was unable to arrange a visit to any of the Podszen 
gas plant. It was explained to me that it was essential to Jiave absolute oontrol 
over the air and steam supply and gas produoed. 

From what I oould gather the investigations are being made in ooal 
seams which are relatively thin compared with what we have in India, and it is 
evident that there must be no old workings or breaks and faults through which 
the gas can escape into the adjaoent workings or to the surfaoe. 
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When I think of tho 24-foot and thicker seams in India and the large 
peroentago of coarse sandstones which ovorlie the coal seams and remember 
the ease with which water porcolates in the joints of the strata in the Gondwana 
coalfields I cannot imagine how gas oannot escape 

If any proof was needed that underground gasification of the coal, as it 
stands in the seams, is likely to be a failure in India, owing to the ready escape 
of the gas through the porous sandstones and tho points and fault planes, it is 
clearly before us m the Damodar Valley coalfields 

You will remember the numerous peridotite dykes and tho large areas of 
so-oalled‘burnt’ or ooked ooal in many seams in the Jharia field and elsewhere, 
and the estimate that many millions of tons of ooal had been spoilt by igneous 
intrusions which have produoed natural coke 

Have you considered how much gas must have been distilled by tho 
ooking of the ooal ? Where has it all gone ? Wo do not even find any good 
evidence of the liquid products of distillation And yet that ooking was effectod 
in tho virgin seams long before an incline was driven or a shaft sunk 

1 do not mean to imply that the gasification of coal m propor producers 
is not feasible underground in Indian oolhenes especially in poor quality coal 
seams but I believe the total thermal units which the gas oould provide will 
be loss and oost more than what could be secured by using the ooal m pulvonsed 
form 

However, these are aspects for oloser consideration in power generation 
and it is quite possible that complete gasification of coal m properly constructed 
gas producers may be efficiently performed and the gas piped away to nearby 
consumers or supplied to a great eleotnoal power station at very oheap rates 
It is a question of the oost of the powdered coal and efficiency of the 
boiler combination on one hand against tho cost of the gas and tho efficiency of 
boiler combination on the other hand —11 on the cost of the powdered ooal 
for doing tho same work as the gas fuel at a given oost 



DOMESTIC COKE 


By N N. Chatteejee ♦ 

As a result of the recommendation of the Noyce Committee the Coal 
Grading Board was established by the India Government for grading coal A 
few years later the Soft Coke Cess Committee was formed and the Act No VIII 
of 1929 provided for the levy of a coss of two annas per ton on soft coke des¬ 
patched by rail from colliorios m the provinces of Bengal, Bihar and Orissa 
The purpose for which the cess was lovied was two-fold, namely ( 1 ) for pro¬ 
moting the sale, and ( 11 ) for improving the method of manufacture of soft 
ooke The realisation of this cess has been going on for the last ten years and 
the fund thus accumulated is disbursed according to the scheme of expenditure 
formulated by the Soft Coke Coss Committoo In the following pages an 
attempt is made to show how far the objects for which the coss was levied has 
been fulfilled 

A perusal of the balance sheet published by the Soft Coke Coss Committee 
will show that praotically all the money, t e nearly one lac of rupees, is spent 
for propaganda work in order to popularise the soft coke amongst the general 
public throughout India For the second object a sura of Rs 2,400 only was 
spent by the committee 

A reference to the report will show that continuous propaganda has been 
carried out for popularising the soft coke and the detailed method of such 
work is quoted below 

‘The committee’s staff made house to house visits m every centre 
and explamed to householders the advantages, economic and hygienic, of 
soft ooke over other fuels Practical demonstrations in lighting soft coke 
were also given whenever required Soft coke and portable ovens were 
distributed free at all propaganda centres ’ ‘The lady officers 

of the committee worked amongst the womenfolk with great success. 
The staff rendered all possible help to consumers m obtaining their supplies 
of soft ooke Certain staff was also sent to outstations to carry on pro¬ 
paganda work * . . 'The committee’s publicity work was 

oarried on through newspaper advertisements, distribution of handbills and 
leaflets ’ . . . ‘Pictorial posters were displayed at all propaganda 

centres and other towns ’ ‘Enamel signs were exhibited at important 
stations on all the principal railways. The committee’s films were shown 
free to the publio ’ . . . ‘Sandwioh boys carrying posters and 
literature on soft coke paraded on suitable occasions.' ‘The committee 
issued a calendar for the year 1938’ and also for 1939. 


* Dept, of Geology, Calcutta TJniveraity. 
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This speaks well of the energetio effort of the committee to posh the sab 
of soft ooke but I do not understand why the committee failed to realise that 
the commodity for which they are trying so much should also be improved 
m quality so that their efforts in popularising it might meet with success in a 
more easy manner They do not seem to have exerted much of their energy 
in this direction The consumers have been paying the cess for these years 
under the expectation that they would get a better commodity in return for 
the extra money spent, but ten years have elapsed without bringing about 
any ohange or improvement m the quality of soft ooke and at the present day 
the same old material prepared by the same old process from the inferior grade 
and stony coals is plaoed on the market for which so much propaganda is 
carried out Sufficient length of time (ten years) has already elapsed, and if 
the method of manufacture of soft coke is not going to be improved and if a 
better quality smokeless fuel is not going to bo placed on the market I do not 
see any reason why brisk agitation should not be started and why the India 
Government should not be moved to reduce the cess to a minimum or to stop 
it I am personally of the opinion that the first and foremost duty of the 
Soft Coke Cess Committee should have been to improve the coke in quality 
and then to oarry the propaganda work for pushing its Bale A reference to 
the report will show that the committee found their way to sanction the grant 
of a bonus on the sale of soft coke to depot-holders m Bombay but I think 
the committee would have acted more wisely if they awarded a bonus to the 
manufacturers of soft coke for producing a better smokeless fuel By this 
move the owners of coal mines would have taken the initiative to devise ways 
and moans to improve the method of preparing soft coke Another suggestion 
is that the committee should make arrangement to check from time to tune 
the quality of ooke produced at different places and class them in different 
grades of quality and market prices The committee should give more attention 
to this aspect of the question and it is rather unfortunate that during the 
last ten years nothing has been aohieved m this direction. 


Method of Manufacture 

A reference to the report shows that after ten years the committee realised 
that ‘there is also room for improvement m the prooess of manufacture * and 
with a view to ascertaining how a better quality coke can be obtained the 
committee solicited the help of the 'Research Department of the Indian School of 
Mines' and that groups of collieries were placed in charge of the local sub¬ 
committee and the 'Director of Fuel Research', Indian School of Mines. We 
are not aware if there is any officially recognised department styled as 'Research 
Department' in the School of Mines and of the personnel of that department 
For the last few years a small amount of money has been plaoed at the 
disposal of the * Research-Department ’ of the Indian School of Mines to oarry 
on research work to improve the method of soft coke manufacture A perusal 
7® 
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of the report will also show that as a result of the so-oalled Research 
Department’s investigations some very useful information on the manufacture 
of soft coke has been recorded But what this ‘useful information’ is no¬ 
body is aware of and it is to be regretted that this useful information could not 
find place in the report and be made public A few data are, however, published 
with regard to volatile matter and ash percentage of some soft ookes. These 
figures, without giving the names of the coal seams from which the soft cokes 
have been made, do not appear to be of any use exoept that they show the 
wide range of variation m the quality of soft coke 

The description of the soft ooke prepared in India as given m the report 
(page 5) shows that it is nothing but a mass of charred coal, half-burnt coal, 
and more or less completely burnt coal The report further admits that the 
quality of soft ooke supplied by many collieries is often inferior. Stony ooal 
is occasionally used in the manufacture The method of manufacture has 
been going on for a very long time without any improvement or modifica¬ 
tion The analyses that appear in the report amply demonstrate the poor 
nature of the majority of soft ooke and that there is a very wide range m 
quality, some are praotioally unburnt and some are more or less completely 
burnt 

It was felt by the committee that the work of improving the quality of 
soft coke should be of a more practical nature and that arrangements were 
made with colliery owners to carry out practical tests but nothing is made 
known as to the fate of such tests According to the report ‘the trouble is to 
get manufacturers to recognise the importance of quality and one of the 
difficulties with which the committee are faced is that dealers do not buy on 
any specifications and consumers are only too eager to purchase in the cheapest 
market’ It is really very strange to follow this argument that the manufac¬ 
turers for whose benefit cess is collected and for whose commodity so much 
propaganda work is being carried on do not recognise the importance of quality 
In that case there should be no other alternative but to stop the cess altogether 
and the oommittee should dissolve forthwith Regarding the other point it 
may be said that when a better grade smokeless fuel is produced and 
plaoed on the market the dealers and consumers will gradually take to 
the better commodity even at a reasonably higher prioe. This is amply 
demonstrated in every type of business. 

I take exception to the report saying on page 16 that ‘in burning very 
little smoke is given off’, etc. while enumerating the advantages of soft ooke. 
The analytical results published m the same report on page 6 go to oontradiot 
this statement and it is really unfortunate that suoh statements should be used. 
When a soft ooke of better quality is produced it will surely have a ready sale 
with less propaganda. 

The requirements of a good domestic fuel should be as follows:— 

(1) It should have been previously treated for the recovery of by¬ 
products from the raw ooal and so rendered smokeless. 
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(2) It should contain only a small amount of volatile, say 7 to 10 per 

cent, and be of such structure as to be easily kindled and kept 
alight in open fire-places and should require very little draught 
for combustion 

(3) Its radiant efficiency should be high 

(4) It should be dense and compact so as to minimise transport and 

delivery charges and require a minimum storage space 

(5) It should be sufficiently robust to stand normal handling and 

transport 

(0) The ash should bo low depending on the nature of the coal from 
which soft coke will bo made In Bengal and Bihar coalfields 
we cannot oxpect low ash domestic fuels 

(7) It should require minimum attention during combustion 

(8) Its texture should be uniform 

(9) The price should be sufficiently low to attract purchasers 

The manufacturers of domestic fuel should try to obtain all those properties 
in their finished product A reference to the literature on this subjoot will 
show that many patents have been taken out to carboniso the coal at 600°C 
to obtain a smokeless patent fuel commonly known as coalite or semi-coke 
The best procedure, however, would be ono in which arrangements are made 
for the recovery of common by-products such as tar, ammonia and gas The 
installation of a low temperature carbonisation plant or a Parker plant or a 
similar one with the arrangement to recover by-products would be an ideal 
thing no doubt but it neod not be discussed here as there is hardly any scope 
to erect one at the different small collieries to use exclusively their inferior grade 
coals for the manufacture of semi-coke If, however, the scheme for obtaining 
liquid fuel and other by-products out of Bengal and Bihar coals proves satisfac¬ 
tory and favourable then tho residue left behind in the retorts will be obtained 
as an ideal smokeless fuel far superior to tho low grade soft coke now marketed 
and it is sure to oapture the market and replaco the latter 

The question immediately before us, therefore, is to produoe a better soft 
ooke as domestio fuel from the inferior grade coals The manufacture on 
an economic basis of a semi-coke having many of the properties mentioned in 
a previous paragraph mvolves a certain amount of research. Investigations 
m the following lmes are neoessary. Blending of different seams m oertain 
proportions, suitable size of the coal partioles to be blended and carbonised, 
and the amount of exoess binding material in the caking coal to be available 
for taking up non-caking coal and uniform oellular texture of semi-coke and 
so forth 

Research work in some of the above useful lines has been in progress in 
the Geology Department, Presidency College, Caloutta, under my guidance 
and the results may btf made available at an early date. As an example it 
may be said that the seam No X of western Jharia side may take up as muoh 
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as 30% and seams VI, VII, VIII may take up 20% of some non-caking coal 
suoh as seam No IV Experiments with different sizes of coal partiolos show- 
some variation in the capacity of blending Practical tests m the above lines 
will have to be carried out for guidance m the process of manufacture. After 
having sufficient information on these points the next step is to improve the 
aotual process of manufacture It must be admitted by all that the method 
practised at the present day m burning coal in heaps requires immediate 
modification It has already been overdue Following this system it ib 
impossible to get coke of umform quality and wastage is also very high. 
Improved method of destructive distillation of coal out of contact with air 
has become imperative The author has visited many places in the Bengal and 
Bihar coalfields where soft cokes are manufactured and, as a result of his ex¬ 
perience, he suggests that simple chamber ovens, such as beehive or rectangular 
chambers, may bo suitably constructed for the purpose with ordinary bnok 
but having an inner lining of firebrick There should be arrangements to 
allow for expansion that will occur during low temperature carbonisa¬ 
tion but research work will holp in avoiding unusual expansion There may 
be a movable iron framework at the bottom of the chamber to receive the 
coal oharge and after the operation the coke may be raked out Simple 
chambers may easily be constructed to carry out carbonisation without any 
aooess of air at low temperature (600°C to 600°C ) without any arrangement 
for reoovery of by-products and gases This simple method will give a much 
better coke than what is manufactured at present The manufacturers should 
be encouraged to install chamber ovens with suitable arrangements to recover 
some of the by-produots and gas There should also be simple arrangements 
for heating by burning gas m the flues and combustion chamber and also for 
reoovery of gases The author of this note has prepared a sketch of one 
such ohamber oven which will be published elsewhere Colliery owners and 
those who are manufacturers of soft coke should immediately start small 
experimental chamber ovens to carry out the practical tests The tempera¬ 
ture should be regulated at will and should be in the neighbourhood of 500- 
600°C The period of heating is to be aotually determined by trials and should 
be well within 24 hours Of course, it depends on the nature of the ovens and 
the amount of the charge, the size of the coal particles, moisture content, etc 
The coke thus produced will have a more uniform nature and quality and 
will be a suitable smokeless fuel for domestio use When generally adopted a 
large amount of useful materials such as tar, ammonia, etc will be made 
available for our different uses One will be surprised to know that about 0 75 
milli on gallons of motor spirit, 1*5 million gallons of light oil (kerosene), 3 million 
gallons of lubrioating oils, 0*75 million gallons of carbolic acid and creosote oil, 
10,500 tons of ammonium sulphate, 15,000 tons of residual pitoh and about 
7*5 billion cnbio ft. of very noh gas are at present being wasted during the 
annual soft coke making from the Jharia coals only (see 8. K Roy—Presidential 
Address, Proc Ind Sc, Congress, 1030, p. 72) Attempts to install ohamber 
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ovens with arrangements to recover some of these by-products will save some 
valuable material from being lost and this will be a move m effecting 
the conservation of a national asset to some extent 

The Soft Coke Cess Committee would act wisely if they carry on some 
propaganda work to induce the manufacturers of soft coke to adopt suitable 
blending of different coal seams and to use chamber ovens for low temperature 
oarbomsation process so that better quality cokes may be placed on the market. 
The committee should be moved to award several prizes and to offer a substan¬ 
tial bonus to those manufacturers who take to improved methods of manufac¬ 
ture These pnzes and bonuses may be fixed on a sliding scale according to 
the nature and stage of improvement Immediate and serious attempts should 
therefore be made by the committee to move m the matter as suoh an improve¬ 
ment m the soft coke manufacture has long been overdue and oontmued research 
on the lines already suggested will help the manufacturers in the proper selection 
and blending of coal seams, m having suitable size of coal particles for carbonisa¬ 
tion and in other ways to impart good physical properties 

The author aho suggests that small colliery owners should combine and 
form bigger concerns and economic units so that better methods and plants 
with full scientific equipment might be easily adopted for the manufacture of 
smokeless domostio fuel on a bigger soale. The reoovery of by-products may 
then be a simple and easy affair to tackle The author sinoerely hopes 
that the Soft Coke Cess Committee will spend sufficient money to encourage 
and help the enterprise in this direction which is of fundamental importance 
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By C Foerestkb,* AH W C , FI C , PhD, FR SB , Fdlow of the 
Institute of Fuel 

The subject of ‘Carbonisation of Coal* is dealt with separately m thiB 
Symposium and as it presumably covers the general question of low 
temperature carbonisation, such matters as the production of smokeless fuel 
by modern low temperature carbonisation processes are not dealt with m this 
short note 

Domestic fuels m India comprise five mam substances, namely, cow dung 
cakes, wood, oharcoal, gas coke and ‘soft coke' Of these the first three are 
ubiquitous, and the use of the last is to some extent limited either according 
to oost or according to suitability for the purpose for which it is required 
The first temptation of the fuel technologist in India is to assume that all 
that is necessary to deal with the tnple problem of the provision of a good 
domestio fuel is to replace cow dung, wood and charcoal with one or other 
of the easily-ignited cokes The expression ‘tnple problem’ is used as there 
are three important aspects of this matter that engage the attention of the 
enthusiastic scientist, namely— 

(а) desirability of saving cow dung and other waste animal produots 

for fertilisation of the land, 

(б) desirability of providing inhabitants of cities with a comparatively 

smokeless fuel, and 

(c) designing stoves, chulhas, eto and utensils suitable for use with the 
new type of fuel 

The author has for some years been personally concerned m the 
investigations of the Soft Coke Cess Committee into methods used for manufac¬ 
ture of soft ooke, with a view to discover to what extent, within the financial 
limitations of the industry, those methods can be improved Certain facts 
have been ascertained regarding the quality of the coal selected for manufacture 
of this form of domestio ooke and of the product. The funds available did not 
permit of large-scale experiments being carried out and the author relinquished 
the funds a year or two ago pending a decision as to the sanctioning of expen* 
diture for testing large-scale tar recovery processes. Preliminary results have, 
however, been published along with detailed information about the conditions 
obtaining m the heaps and the methods adopted for supervision of the prooess 

In the oourse of these investigations he has also had to examine cokes 
of the type sold by the city gas corporations and to oompare these alternative 
domestio ookes with the so-called ‘soft ooke*. 

* Principal, Tndisn School of Vines, Dhanbad. 
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The problem of obtaining a comparatively smokelesB fuel is one that brings 
in its train the equally important one of ensuring that the fuel shall be easy to 
use under ordinary domestio conditions Unfortunately the one desideratum 
can be obtained only at the expense of the other The reasons why some 
forms of carbon suoh as the various cokes are more easily lgmtable than others 
have not yet been satisfactorily elucidated For the time being the important, 
and easily understood, fact is that quite apart from the form of the carbon 
(»e whether ‘amorphous’ and dull black or graphitic and more or less silvery) 
its association with a reasonable amount of volatile combustible matter aids 
m ensuring ease of ignition What minimum and maximum amounts of 
volatile matter are to be fixed has not yet been determined Samples of city 
gas corporation cokes largely used for domestic purposes in India showed tho 
presence of from over 2J% of volatile to as much as just under 7% Enquiries 
regarding the suitability of these cokes for ordinary domestic purposes have 
shown that although they have proved entirely acceptable as smokeless fuels 
their ignition has frequently presented difficulties Comparison with a large 
range of soft cokes and practical experiments prove conclusively (as might, of 
course, be expected) that the larger the amount of volatile matter left m the 
ooke, the easier it is to ignite But when we oxamine soft cokos we see that we 
sometimes come across samples that prove to bo undesirably smoky in tho 
earlier stages of their combustion 

The problom, therefore, is to discover what compromise can be effected 
so far as volatile matter oontont is concerned and how it is to be attained 
There is the associated problom of trying to recover part at least of the volatile 
matter that is at present allowed to go to waste and to pollute the atmosphere 
of the coalfields where soft coke is made 

Tho Indian soft coke industry has beon built up, of course, on the utilisation 
of low grade coals and to that extent it may be regarded as fulfilling an 
important function m this country and going far towards assisting in conserving 
and fully utilising our coal resources No pretenoe is made that the coals used 
for the purpose are of high grade or that the product is a high grade one either. 
Any attempt to compare soft coke as made at present in India with domestio 
smokeless fuel as manufactured by modern low temperature carbonisation 
plants is not only absurd but also a waste of time And any proposal to 
replace the Indian soft coke industry wholesale by a large-scale low tempera¬ 
ture carbonisation industry should be regarded with the greatest oaution and 
circumspection until it is certain that these low grade coals are not going to be 
ousted from the market In the opinion of the author the desire to recover 
distillation products should not be allowed to cloud the main issue, which is 
that India has millions of tons of low grade but quite useful coals whose con¬ 
version into a domestic fuel and whose utilisation m other directions must be 
enoouraged, not only for the sake of those members of the mining industry 
whose living depends on^t but also in the interests of the conservation of our 
fuel resources 
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Now a large proportion of suoh low grade coals in India cannot 
be economically treated in a washery or other coal* cleaning plant Visual 
X-ray examination of the lump coal conclusively proves this Some of it, m 
fact quite a large proportion of it, does not, after crushing, coko so satisfactorily 
as the crushed coal or slack of the better seams, so that ultimate utilisation of 
this low grade coal m a modem coke plant does not necessarily (in the light of 
our present knowledge) offer any special attractions The present system of 
ooking large lumps has obvious advantages—the preparation prior to coking 
costs nothing and the product is in lump form and travels well by road and 
rail without undue loss by crushing and production of fines 

We may take it, therefore, that the present system of coking large lumps 
by a simple distillation process is likely, for some time yet, to remain as a 
feature of the coal industry, even though economically Bound means may yet 
be found to recover part, if not all, of the volatile products, whose value as 
‘by-products’ is, it ib to be feared, somewhat over-estimated just at present 
And that statement does not negative any proposal to establish a modern low 
temperature carbonisation industry, using either the same low grade coals or 
those of better grade 

It follows from the preceding remarks that the quality of the coals used 
for making soft coke is at present undoubtedly low Ash contents of selected 
lumps taken at random have been found to vary from as little as 8 per cent 
to as much as 38 per cent, but both these extremes are unusual and a more 
normal range is from about 12 to about 25 per oent, with an average nearer 
16 or 17 per cent Such coals will, on distillation, yield cokes of correspondingly 
high ash oontent For example, a typical coal, such as is used, containing say 
16% of ash will, on coking under normal high temperature conditions (»e 
at about 950°C), yield a coke oontaimng as much as 21% of ash, and as the 
temperature in a soft coke heap is not anywhere near that temperature but 
closer to 400°C , less volatile matter is likely to be driven off, there is a slightly 
larger production of ooke and the ash content is, therefore, less and in faot 
likely to be about 19 per oent in the instance quoted The average ash content 
of a large range of No 1 soft cokes has been found to be about 22 per cent. 
It should be remembered, of oourse, that there are many qualities and grades 
of soft ooke and that it is sometimes a difficult matter to correlate the designa¬ 
tions of the various grades m different distnots These grades are not 
neoessanly grades in respect of quality only In one district the expression 
‘No, 1 Soft Coke ’ is applied to large lumps of the best quality No 2 soft ooke 
is of inferior quality but quite saleable at lower pnoes But there is a grade 
known as No 1} This consists of small size or rubble soft ooke of good 
quality Its quality may be better than that of No 1 or not so good, *t 
its quality is not between those of Nos. 1 and 2 (Incidentally it may be 
remarked that there is a preference in towns for soft ooke of the above ‘No 1} ’ 
grade whereas country consumers prefer the large lump ooke, No. 1 or No 2 ) 
It is inevitable that even quite large lumps of very inferior shaly coal get into 
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the heaps and these may prove not to have ooked at all well Such very low 
grade coal may emerge from the coking prooess as ‘stony soft coke* and even 
this low grade material finds a sale, but as it is not so largely used for ordinary 
domestio consumption it is not dealt with in this note (Some oonoerns 
specialise m the manufacture of stony soft coke) In other districts these 
appellations are not neoessanly applied to exactly the same respective types 
or qualities of soft coke On the whole, however, the above descriptions 
apply 

Reference has been made above to the acceptability of gas coke as a 
smokeless domostio fuel The word ‘smokeless’ was emphasised, because 
suoh ookes, while being acceptable on the score of their relative smokelessness, 
are not neoessanly completely satisfactory in other respects The difficulty 
of ignition has been referred to but another difficulty may anse, namoly, that 
of providing a comparatively ‘soft’ fire for some kinds of cooking When 
making a domestio coke it is not necessarily always desirable to aim at 
producing a ‘first class’ article, so far as ash content is concerned, and it is the 
comparatively high ash content of soft coke that actually offers certain advan¬ 
tages over the better quality gas coke Soft coke manufacturers aim, so far as 
the domestio market is concerned, at replacing as far as possible oow dung 
and other natural and looal forms of fuels commonly used for oookrng Most 
of the fuels that it is desired to replace burn with a steady quiet flame or even 
merely glow, and within a short distance of the flame or glowing mass the 
temperature may not be excessively high This feature of these indigenous 
fuels renders them specially suitable for the preparation of a large range of 
Indian foodstuffs In fact a complaint that has occasionally been levelled 
against the use of the best soft ookes is that the fire is too hot (The same 
complaint has been reported against gas cokes ) 

It is here that consideration of high ash m a coal assumes an aspeot different 
from the normal For many domestio purposes in India a moderately high 
amount of ash is actually an advantage, because m the course of time after 
the fire has been prepared the accumulation of ash aids in damping the fire 
down and in producing a moderately hot glowing mass rather than a bright 
red-hot mass resembling a miniature furnace. For example, when frying with 
ghee and for boiling milk a moderate heat is essential, whereas for cooking 
noe, although many hold that a moderate heat is preferable, considerations 
of time make a hot fire desirable. Even for oooking some dale, owing to the 
difficulty experienced m softening the grain right through to the oentre, long 
continued boiling over a moderate fire is preferred On these grounds, it will 
be clear that a domestic coke for use in India need not be of good (low ash) 
quality and it may even with advantage oontain quite a high percentage of ash. 

Domestio smokeless fuel should be not merely comparatively smokeless 
but also free from an undue amount of substanoes likely to produoe objectionable 
fames in burning Some Indian oooking vessels are so oonstruoted that the 
gllfe* resulting from the oombustion of the fuel oan gain direct aooess to the 
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food. It is obvious that there is a strong possibility of oertain constituents 
beooming ‘ fixed * in the food and imparting to it an objeotionable taste. 

It is reassuring to be able to report, from the results of experiments earned 
out in the oourse of the investigations, that soft coke made with low sulphur 
Jhana coals (and nearly all Jhana coals have very little sulphur) has been 
proved to impart no flavour to any food cooked by it, other indigenous fuels 
have not all passed the test so satisfactorily. 




FUEL RESEARCH 


By N N Chatterjeb * 

In tracing the history regarding the discovery of coal in India we have to 
go back to 1774 during the time of Warren Hastings The Geological Survey of 
India was established some time later apparently with the object of developing 
the coal resources and other economic minerals The earliest reports of the 
Survey Department mostly dealt with the coalfields of the different parts of 
India With regard to the personnel of this department during those days it may 
be mentioned that there were officers with speoial qualifications m mining who 
were entrusted with the development of the coalfields f With the establishment 
of the Mines Department in 1902 the Geological Survey Department discontinued 
to maintain the mining experts and to develop their laboratory for systematic 
fuel and economic mineral research I may quote here the following lines 
from Holland’s declarationf in 1907 ‘Whether, therefore we like it or not, 
the official geologist in tins country is bound by the terms of his appointment 
to remember that, either directly or indirectly, his work should aim in the 
long run at development of our mineral resources' In my opinion however, 
the proper development of coal and other economic minerals has not been 
maintained By proper development I would include not only the discovery of 
the mineral property but also the carrying out of systematic researches for 
finding out the various uses to which they may be efficiently put so that the 
producers and consumers as well as those interested m trade and commerce 
might be properly eduoated in this respect The people of this country have 
remained ignorant about the utility of these economic minerals for want of 
knowledge in industrial application of them Even now we do not find the 
conditions very much changed or improved This lack of knowledge with 
regard to the proper utilisation of coal among the producers and consumers is 
due to the lack of serious attention to the problems of research both by the 
Government and the industry 

In the early days of the Geological Survey Department it will be found 
that the start was made in maintaining the mining experts If that beginning 
had reoeived continued nursing we would have possibly found today a well- 
organised fuel research station established m the laboratory of the G.S.I 
side by si<|e with the mineral research laboratory to help the mineral industry 
as well as in solving various problems The results of such investigations 
could have been broadcast in cheap pamphlets amongst the industry and the 
interested publio, thereby educating them in the matter of mineral development 


* Department of Geology, Calcutta University. 

f Bee Fox, 0. 8.—Presidential Addreas to the Min. A GeoL Inst. (1930), pp. 27-29. 
VOL. VI—No. 8. [Published August 22nd, 1940. 
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and utilisation But from a careful study of the reports published by the 
G S I we find that no systematic researches on industrial lines have been 
carried out either on coal or on other economic minerals In this connection 
reference may be made to the brisk activity of the U 8 Geological Survey and 
Bureau of Mines and the geological institutions of the U S S R who bring out, 
year after year, muoh useful information with regard to their country’s economic 
minerals and broadcast them m oheap pamphlets which have a very wide 
oiroulation reaching every corner of their country Similar steps should be 
taken by the India Government m publishing useful information in cheap 
bulletins If the U S A and USSR can bring out publications at such a low 
cost there is no reason why the India Government should not be able to issue 
even cheaper publications when labour is so cheap m India The question is 
well worth investigating by the relevant authorities 

Though one hundred years have elapsed since the development of the 
Bengal ooalfiold, we are still debating the question of establishing a fuel research 
station We do not yet know how long it will be before the actual foundation 
ot suoh a station takes place I hope by now that the Central and Provincial 
Governments have realised the necessity of establishing research stations to 
study especially such a basio material as coal 

Something may be mentioned here about the improper and unscientifio 
method of coal utilisation by the railways of India It is well known that 
on the recommendation of the Noyce Committee in 1926 the Indian Coal 
Grading Board was started In some measure at least, the grading of portions 
of seams is the cause of much of the waste that is going on If partial grading 
and working of seams is stopped it should conduce to the conservation of coal 
The ways in which the high class oaking and chemical grade coals are used up 
by the railways are well known and have already received much publicity. 
It is not yet known what steps the Railway Board is going to take m the 
immediate future to give up this wasteful practice If they start to use low 
grado non-caking coals even now, the high grade caking coals and chemical 
grade coals will be saved for their legitimate use The low grade fuels could 
be utilised efficiently m the pulverised state and coal or coke would be made 
into gaseous fuel for steam generating purposes, etc. The railways should 
be able to modify the fire-place of looomotive boilers to use pulverised coal 
This step would lead to better utilisation of lower grade coals. Locomotives 
are already in use in other countries to burn pulverised coal. 

Intensive researches should be started to find out the possibilities of 
burning different grades of ooal in a powdered state, to convert low grade coals 
into gas at oentral gas-generating stations to supply gas to the different indus¬ 
tries m the neighbouring plaoes. Eoonomio possibilities of starting carbonisa¬ 
tion plants should be carefully studied and if suoh a plant can be installed the 
reoovery of oil and other valuable by-products oould be made and the ideal 
smokeless patent fuel could be obtained. This semi-ooke will be far superior 
to the low grade soft ooke that is produoed and marketed nowadays. The 
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possibility of obtaining liquid fuel by hydrogenation of coal, eto. should also 
receive due consideration by such a Research Board It is also well worth 
investigation if gasification of coal underground as practised in Soviet Russia 
will be feasible and practicable m India The rich volatiles of the high olaas 
Ramganj coals should be utilised for the manufacture of chemicals and steps 
should be taken to prevent these coals from being used m locomotives and 
other 8team-raising plants when other grade coals will equally suit their 
purpose. 

The method of soft coke manufacture needs immediate improvement and 
it is to be regretted that the Soft Coke Cess Committee has been unable to make 
any marked progress m this direction A simple method of heating in ohamber 
ovens should be evolved with arrangements for the recovery of by-produots 
Investigations m the economio possibility of starting such a plant should be 
taken up and, if nooessary, small concerns should combine and amalgamate to 
install and work an economic unit plant to produce and supply semi-coke of 
uniform and better quality The Fuel Research Board oould woll utilise the 
cess fund at the disposal of the Soft Coke Cess Committee and the surplus fund 
lying with the Coal Grading Board These are some of the ways in which 
•research work could be startod for the guidance and benefit of the coal con¬ 
sumers. Research work, if carried out m a woll-organised way, would have 
brought about marked improvement m coal utilisation long ago and the 
things would not have remained in such a helpless condition as we find them 
today It is a pity that tho Government allowed this state of affairs to oontmue 
for such a long time 

According to the recommendation of the Burrows Committee a separate 
fuel research station should be installed and that about half the cost should be 
obtained by levy of cess on the coal industry Now that the people of this 
oountry have begun to acquire the consciousness of proper mineral develop¬ 
ment and have awakened to the needs of industrial research and experiment 
stations to foster the basic industries in India, I think it will not be difficult 
for the Government to devise ways and means to establish a fuel research and 
mineral research station at an early date The entire cost of such an organisa¬ 
tion should be borne by the Government and it is not at all desirable that 
the coal industry should be subjected to any further taxation To have a 
separate institution with separate whole-time staff would be an ideal thing 
no doubt for the country if it can afford to have it But this involves a very 
big scheme whioh will take time to evolve and put into effect. 

Until a well-organised, independent and separate fuel research station is 
established m India, I think that well-planned research work could be started 
without delay in the various lines of coal investigation in the e xis ti ng institu¬ 
tions for the immediate benefit and development of the country's resources. 
To give initiatio n to suoh a programme of work, I would suggest that the 
India Government be moved by the ooal industry so that the various tech n ic al 
and research departments under the control of the Central Government may 



412 


N. N OHATTBEJBB FUEL BESEABCH. 


be asked to take up certain important and useful problems of ooal research 
and that various other recognised laboratories m India may also be approached 
to undertake pieces of suitable work and oo-operation and oo-ordmation should 
be maintained by a central organising body This programme, if carefully 
worked out and followed by such an organising Board, will give an early return 
at a minimum cost About the India Government departments mention may 
be made of the Geological Survey of India, Industrial Research Department, 
the Alipur Test House, Indian School of Minos, Cawnpore Technological 
Institute, etc Of the private bodies mention may be made of Messrs Tata 
& Co , Bird & Co , etc and of some of the woll-equipped laboratories of Indian 
Universities If it is found that some of the Government departments have 
suitable workers and laboratory facilities, there should be no difficulty in 
persuading tho Government to take an interest in the mattor and to rentier help 
to the industry Moreover I believe that it is also tho duty of the country’s 
Government to see that various technical departments under it8 control carry 
on researches into some important economic problems relating to different 
industries and that results of such investigations are made widely available to 
the people There should be a central all-India body to control and supervise 
the work to be earned out in the different institutions and to co-ordinate the 
results obtained from these different sources Such a body may be styled as the 
National Research Council Tho National Institute of Sciences of India may 
be given the power to form expert committees in connection with vanous 
branches such as Fuel Resoarch Board, Agriculture Research Board, Chemical 
Industnes Research Board, Metallurgical Research Board, eto These boards 
will distnbute work among the different laboratories and supervise the work 
whenever necessary Salaried research assistants and scholars (both whole¬ 
time and part-time) may be appointed to work under the guidance of com¬ 
petent authorities Regarding the equipment of the laboratories I would 
suggest that the laboratories themselves should give partial financial help m 
neoessary equipment as this type of research when conducted in those labora¬ 
tories will materially help the teachers and students alike In this way definite 
and well-planned work may be immediately started through the co-operation 
of the different laboratories. In this connection reference may be made to the 
exoellent work earned out by the vanous engineenng and experiment stations 
run by the United States Bureau of Mines in co-operation with some of the 
Universities as well as with oertain local industries. In this way an immense 
amount of exceedingly useful work beneficial to industnes has been accom¬ 
plished m the U S.A. 

If this scheme is favoured, a conference of representatives of Government 
researoh departments and those of willing pnvate firms and Universities may 
be held when the distnbution and allocation of work m different lines of ooal 
researoh may be discussed and arrangements made for meeting the expenditure 
in connection with the offioers of the oentral board, laboratory equipment, 
researoh assistants, scholars, eto. 
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The scheme as outlined above in skeleton will require only a fraotion of the 
heavy capital expenditure of establishing a separate and independent researoh 
station and this scheme can be made to work in a short timo 

If the National Institute of Sciences of India is given tho responsibility 
and Btatus of that of the National Research Council of other countries I think 
it will prepare a scheme for work in tho lines suggested abovo in the best 
interests of the country and will surely prove itself worthy of its name. 

It should be mentioned here that simultaneously with the initiation of fuel 
research there should also be research on safety m mines, te for the safety 
of labourers and for the safo and maximum extraction of coal It is time 
that India began to solve her problems m relation to the local conditions and 
needs instead of being idle or borrowing idoas from others There is talent 
enough in the country which could bo employed to useful purposes. It ib for 
the Government to organise the work and utilise this talent for the ultimate 
good ot the country. 




FUEL RESEARCH IN INDIA 


By C Forrester, AHWG,FIC,PhD,FB8E, Fellow of the 
Institute of Fuel 

This is a subject on which much has been written in recent years, even 
in India, and it is probably hardly necessary, except for the sake of ensuring 
a proper assessment of the position, to recapitulate the arguments that support 
the demand for research into the better utilisation of fu,ol, and particularly of 
coal Many scientists and practical mining men also have in recent years 
stressed tho importance of India following the example of almost all other 
civilised countries and establishing some sort of organisation for this purpose. 
Messrs W H Phillips (1911), E H Pascoe (1924), C S Fox (1924, and in 
many papers since), J Coggin Brown (1927), H K Sen (1927), J Thomas 
(1930), C H McCale (1930), N P Gandhi (1930), N N Chatterjee (1930), 
D Penman (1932), the author and a host of other workers in this field have, 
m published papers and m official communications, fully expressed their views 
on this matter so fundamentally affecting the future prosperity of the mineral 
industry in general and the iron and steel industry m particular 

What is more important is that so many other countries that have, till 
rooently, regarded fuel research as something to be sponsored by wealthy 
Governments only, have realised that research is the life-blood of modern 
industry Mention need be made only of the research work of the Canadian 
Bureau of Minos, of the New Zealand Bureau of Mines, and the Fuel Research 
Institute of South Africa, aB well as of similar organisations in China, Japan 
and the U S S R., to give point to the remark South Africa’s rooent action 
m establishing a Fuel Research Institute by utilising the funds collected by the 
formerly-existing Coal Grading Board is peculiarly interesting to us m India, 
especially as Africa’s coal problems so olosely resemble ours, as do her financial 
problems 

Let us assume, then, that the establishment of properly organised fuel 
researoh must oome m this country and examine the problems waiting for us 
to deal with. 

Much attention has been publicly focussed on the pressing problem of 
conservation of our coal resources and the reoently-issued Report of the Coal 
Mining Committee has brought the whole subject to the front. In their 
recommendations the Committee have suggested the establishment of a 'Coal 
Research Board’ but have left its functions undefined 'Coal' research may 
mean Safety in mines researoh, whioh aids m effecting conservation, or fuel 
researoh which, by making utilisation more efficient, more directly aids in 
effecting conservation. One of the problems that has been more stressed 
than any other in publio discussions of this subject has, of course, been the 
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conservation of the country’s reserves of coking coal The whole future of 
the industrial life of India is bound up with the future of these reserves and 
obviously it is only proper that we should do anything that can be done to 
reserve for their ‘proper’ use those coals at present used for other purposes 
than those for which they are best suited But there are many other problems, 
some of them equally important, others of apparently minor importance but 
none the less essential in the part that their investigation may yet play in 
the proper utilisation of India’s coals 

The following list is extracted from a Memorandum prepared in 1934 
by the author and submitted to the Government of India in support of a 
proposal to establish a Fuel Research Department in India — 

1. Systematic physical and chemical survey of the coals of the various 
coalfields in India with special reference to— 

(a) specific giavity os related to ash content, 

(b) proximate analysis (by proper standard methods), 

(c) coking power, 

(d) chemical analysis of ash, 

(e) ultimate analysis, 

(/) fusibility of ash and tendency to clinker, 

(g) separation of banded constituents and other rational 
analysis 

2 Nature and amount of volatile matter expelled from coals at various 
temperatures, with speoial reference to manufacture of good 
quality soft coke for domestio purposes 

3. Laboratory- and medium-soale investigations on washability of 
second grade and low grade coals and of slack coal 

4 Visual investigation of nature and distribution of mineral matter in 
, coal by X-ray examination (This refers to incombustible 
mineral matter) 

6 Large-soale briquetting tests, especially with a view to investigate 
the possibilities of briquetting without the use of a binder 

6 Investigation into the causes of spontaneous combustion of coals 

m Indian coal mines. 

7 Conversion of Indian coals mto oil. 

8 Extension of the use of Indian coals in gas producers 

9 Valuation of Indian coals with a view to encourage purchase and 

salo to specification and on analysis 

To the above may be added others to which reference is made below. 
The following comments upon the above are offered as a stimulus to dis¬ 
cussion on the question and with a view to elicit the opinions of others as to 
the relative importance of those various suggested lines of research and our 
ability to proseoute them in India in the most efficient manner possible. 
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1 Systematic survey of the coals of India 

This has, of oourse, been already done geologically and, by referenoe to 
existing analytical information, ohemically but it has not been done systemati¬ 
cally in reference to sub-heads (a) to (g) The Department of Soientifio 
and Industrial Research of Great Britain has for the past few years been 
engaged, through the Fuel Researoh Board and the associated universities and 
colleges, on a wholesale survey of this nature and already the results have 
proved to be of great practical value to industry Apart from the scientific 
value of such a comprehensive survey, the practical value of the knowledge 
gained by accurate and standard mothods of investigation cannot be over¬ 
rated, especially m these days when so much in India depends upon export 
trade Special reference might be made to the great interest recently taken, 
by overseas buyers of Indian coal, m the chemical composition of the ash and 
its fusibility, with referenoe to possible clinker trouble The amount of 
information regarding fusibility is somewhat meagre and it is to be feared 
that much of tho equipment available in the country for this work is not 
designed to give accurate information comparable with tliat supplied by 
standardised apparatus used, say m Britain or America As for the ohenucal 
composition of Indian ashes we are in almost as bad a position A few analyses 
of Indian coal ashes are quoted in the publications of the Geological Survey of 
India and special mention may perhaps be made of the most recent contribu¬ 
tion by Mazumdar given before the last session of the Indian Science Congress 
and published m full m the August 1938 issue of ‘Fuel in Scienoe and Practice’. 
The industry badly wants muoh more of this work to be done and a deter¬ 
mination of fusibilities of the same ashes, in both oxidising and reducing 
atmospheres is equally desirable 

A Similar investigation into the fusibilities of ashes of mixed coals is of 
equal importance owing to the failure on the part of both suppliers and con¬ 
sumers to realise that mixing coals entails grave risk of clinker trouble due 
to the almost certain lower temperature of fusion of the mixed ash 

A branoh of this work that is of great importance both from the purely 
academic point of view and for the purpose of classification and correlation of 
coals is 1(e), ultimate analysis Especially in respect of the determination of 
the amount of oxygen in Indian coals we are sadly deficient in information 
about their composition The determination of oxygen in a coal is an extremely 
difficult one that only most experienced fuel technologists can with confidence 
undertake and bound up with it is the careful analysis of the ash, with a view 
to develop a formula for Indian coals corresponding to Parr’s Formula, in order 
to calculate the amount of mineral matter in coals from a study of the amount, 
and ohemioal nature, of the ashes. The practical benefits of Seyler’s classical 
work on classification of ooals cannot beoome available to us in India until this 
work is undertaken and oarried to a successful conclusion. 
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2 Volatile matter and carbonisation at different temperatures. 

On this important subject, also, little has boen done The Indian Soft 
Coke Cess Committee has had some work done and a large senes of Jharia- 
Barakar ooals has been investigated by the author with reference to distillation 
products obtamed at temperatures varying from 300° up to 950°C Some 
of these results have been utilised in aiding the further investigations, but 
nono of them has yet been published m detail (a defect that it is hoped will 
be remedied shortly) Prof Roy, President of the Geology Section of the 
last session of the Indian Science Congress (Lahore, 1939), quotes the results 
of some similai distillation experiments carried out by workers at Calcutta 
University Apart from these figures it is doubtful whether any systematic 
work has been done In those days when improvements in methods for 
manufacturing soft coke, and low temperature distillation processes, are much 
in the public eye, it is highly desirable that the work done so far should lie 
supplemented without delay 

3 Washability of coals 

The only work known to have been done in India on this subject has been 
by (a) Randall in 1924, and ( b) Forrester in 1930 The former was limited to 
a few experiments using a froth flotation experimental plant and without 
constructing fully informative washability curves, and the latter was confinod 
to an examination of coals known already to be oomparativoly clean and free 
from stone bands, though complete washability curvos were constructed from 
the laboratory work 

Although the latter dealt with Jhana coals (and that work has been 
published) and with a selection of Ramganj coals (the results of which have 
not yet been published) only the fringe of the subject has been touched An 
extensive washability survey of run-of-mine coal and ‘whole of the seam’ 
ooal is highly desirable The industry cannot at present be said to know 
what possibilities there are m the cleaning of ooal in India 

4 X-ray visual examination of coals 

This work is an adjunct of the preoedmg, »e washability, and need not 
be enlarged upon here exoept to explain that it ought not to be confused 
with the more academic matter of examination of the internal molecular or 
crystal structure by means of X-rays. 

5 Briquetting 

The importance and various aspects of briquetting have been dealt with 
by the author m a separate contribution to the Symposium and will not be 
dealt with here. 

6. Causes of spontaneous combustion. 

This subjeot has engaged the serious attention of the Department of Mines 
for several years now and would in all probability be considered to be within 



0. FORRESTER I FUEL RESEARCH EN INDIA. 


419 


the scope of a Safety in Mines Research Department, and the subjeot of safety 
m mines is dealt with in a separate contribution It is worth while pointing 
out, however, that the results of some of the work of a Fuel Researoh 
Department would undoubtedly tend to throw much light on this important 
problem, so vitally affecting the industry at the present time 

7 Conversion of coal tnto oil 

This is a subject on which information regarding Indian coals is 
undoubtedly required But the author is inclined to the view that work 
on this problem can very well be delayed until we have more information 
regarding the progress in other countries, as comparatively simple tests, 
indicating the ‘rank’ of tho different coals, can give almost all the information 
wanted with reference to any particular coal A comprehensive laboratory 
study of a large range of coals with reference to this subject seems, to the 
author, scarcely to be justified at the present stage Other workers, however, 
may not be in agreement with this view 

8 Use of coals m gas producers. 

It is questionable whether any completely separate series of investigations 
into this subject is really necessary But information regarding Indian coals 
is required to judge the suitability for their extended use in gas producers, and 
the information would be obtained from the results of 1(6), 1(c) and 1(f) 
above 

9 Purchase and sale to specification and on analysis 

This is partly within the scope of the economist but the scientific 
investigator should interest himself in the devising of suitable practical formulae 
likely to be acceptable to various industries with a view to extend the adoption 
of more rational methods of valuing coals. The author realises that the 
extended adoption of the specification system would ultimately tend to dispense 
with the present grading method but the industry would benefit ultimately, 
and the cause of conservation would be immeasurably advanced 

One major problem likely to be a fruitful subject of research is that of 
blending of coals with a view to use a greater proportion of non-coking or 
weakly-coking coals for coking purposes, as well as to lessen the trouble some¬ 
times experienced with ooals of high swelling power that, on account of insuffi¬ 
cient subsequent contraction m the coking prooess, cause senous deformation 
and ramming trouble in ooke ovens This is also a subject that could better 
be done in the country and should be undertaken with little delay 

Full-scale experimental work has been earned out on this subject m India 
by Lathbury and Marshall in 1919 and by Lancaster and Marshall m 1927. 
In their experiments Lathbury and Marshall tried the effeots of mixing different 
proportions of good quality Gindih coking coal and upper Ramganj non- 
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coking (or not good coking) coals, and Lancaster and Marshall included in the 
scope of their later work poor coking coals from the lower Ramganj measures 
as well as from the Bokaro and Karanpura fields [A full report of the results 
of both senes of experiments is given by Fox m Rec 0 8 I, LXT, 1928-29, 
294-314] 

The results of these expenments conclusively show that there is scope 
for further investigations, both in tho laboratory (using the vanous types of 
apparatus for testing swelling and contraction) and on a large scale by coke 
oven tests 

The foregotng remarks apply chiefly to research on the preparation and 
utilisation of coal India possesses vast additional sources of power , both actual 
and potential, foi example, wood and other vegetable substances and the various 
substances that can be obtained from them either by distillation or by fer¬ 
mentation Special reference may be made to the work of various investigators 
at the Indian Institute of Science in the direction of hydrolysis of waste 
carbohydrates such as rice straw by dilute sulphuric acid, followed by fermenta¬ 
tion of the sugar produced The treatment of other waste substances (including 
such pests as the water hyacinth) has also been suggested and muoh sporadic 
experimental work has been done There are in India countless hundreds of 
similar potential sources of alcohol that may yet be profitably investigated 

The author would also point to the great possibilities of the more extensive 
use of wood and wood oharcoal (especially the latter) as the source of producer 
gas for gas-driven internal combustion engines, t c motor cars driven without 
petrol The wood-gas motor car is now a practical proposition India, with 
the problems of vast distances and the accompanied problem of high railway 
freights, might well utilise her otherwise useless woods (t e. useless as timber) 
more efficiently as a source of fuel 

The spade work on hydrolysis and fermentation has already been done for us 
All that is required is to apply the well-known facts to the raw materials 
available. Here is another wide field of investigation for the research worker 

How, tbon, is this great programme of research work to be accomplished ? 
The question has been asked over and over again, in publio meetings, at 
annual dinners of scientific societies, m informal discussions among mining 
men and their more academically soientifio friends, and the answer seems 
never to be forthcoming The ooal industry, when it has shown signs of interest 
in the subject, has maintained that it is the affair of Government Government, 
when challenged on the matter, have said that the industry should first make 
a move. The result is stalemate, exoept that individual workers, both among 
the important ooal mining companies and among individual scientific workers 
m technical colleges and universities as well as, of course, the staff of the 
Geologioal Survey of India, have materially contributed to our knowledge of 
the composition and properties of our coals 

The trouble is that the work has not been carried out m a systematic 
manner. There has, naturally, been no systematic cooperation or planning in 
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the work so far, i.e co-operation between different workers and, as stated 
elsewhere (‘Methods of Analysis of Coal in India’ in this Symposium), much of 
the published work—perhaps as much as 90% of it—has been done by methods 
that render it almost certain that it will have to be done over again 

Tho remedy is, m the opinion of the author, either to establish a non- 
offioial all-India soheme of co-operation between fuel technologists and other 
workers in the field, with a voluntary (and voluntarily accopted) central 
distributing bureau for co-ordinating the work of the various persons taking 
part in the scheme and for distributing systematically samples of the various 
coals that would be examined, so as to avoid overlapping and the loss of 
valuable relative information about the same coals from different sources, or 
to induoe the Government of India to establish, as soon as funds permit, a 
central Fuel Research Station 

On the assumption that it would be possible, as it is found possible m 
Britain, to obtain tho co-operation of workers in technical collogos and 
universities (as well as of trade organisations if formed) tho second alternative 
appears to the author to be preferable 

Tho requirements of the industries likely to bonefit from this work cannot 
be adequately met by the results of work earned out solelj in universities 
and colleges, the staff's of which have other onerous and detracting duties to 
perform It the work has to be of first-class quality and if much overlapping 
and unsystematic work has not to be undertaken, a full-time central controlling 
authority must ultimately be appointed The expense may m the beginning be 
just what we care to limit it to, provided, of course, that a reasonable minimum 
is conceded, and the work that can be undertaken would depend almost directly 
upon the amount of funds available 

The apparatus and equipment required for most ot the subjects suggested 
is not unduly costly Much of it could bo made immediately available from 
various sources until such time as the indications of the results likely to be 
achieved justified permanent establishment of the central station If a purely 
organising and administrative central authonty were established, seeking co¬ 
operation, and helping in the direction of the work, and of course, financing 
the publication of the results, a total annual expenditure of under Rs.60,000 
per year would probably be ample If a centre were to be established m or 
near one of the ooalfields for a central laboratory and library, still working in 
co-operation with other laboratories throughout India by a distribution of 
work in which different workers were interested, an initial exjienditure of about 
Rs.25,000, with an annual recurring expenditure of about Rs 60,000, would 
be sufficient. When it is remembered that the magical figure of ‘a lakh of 
rupees’ is merely about £8,000 the corresponding figure of over £80,000 spent 
by the British Gover nme nt on the Fuel Research Board, as well as the large 
sums separately spent by various ooal trade organisations on research work, 
make our present proposals acquire considerable merit on the grounds of 
modesty. 
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The views of the various universities, technical colleges, Government 
departments, and individual workers on the possibilities of co-operation 
might well be invited, in order to enable the Government of India to judge to 
what extent the institution of a central organisation would be feasible 

In the meantime the most urgent need, m the opinion of the author, is 
a reliable central researoh bureau, kept up to date by an efficient fuel teohno- 
logist with the help of first-class clerical staff As the years go on the amount 
of valuable information that is accumulating is increasing and it is daily 
becoming more and more difficult to ensure that one has access to all the 
important literature on any one subject (This is a problem not exclusively 
that of the fuel technologist) Such a central bureau can bo established 
at little expense But if it is established it must bo comprehensive and 
complete No half measures are worth the troublo expended on them. 
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By Cyril S Fox, DSc , MI Mm E , Geological Survey of India 

A complete research on all aspects of Indian coal would involve an immense 
task which would probably have to bo camod out mider three main divisions — 

(1) Doahng with geological occurrence of tho coal and including a 

study of the coal seams and tho chemical constitution of the 
coal, 

(2) Dealing with the mining of the coal, questions of hoatmg, fire¬ 

fighting, dust oxplosions, packing and general questions of 
drainage and ventilation, and 

(3) Dealing with tbe utilisation of the ooal including problems of 

cleaning, coke making, pulverisation, gasification and hydrogena¬ 
tion as well as storage 

This would be impractical in India at present and several of tho questions 
are not yet in need of immediate attention Of the 28 million tons of coal 
produced last year only a relatively small proportion is used as a raw material 
in gas works, preparing metallurgical coke and soft coke—-possibly not 7 
million tons m all or 25 per cent as against the remaining 21 million tons which 
is used as fuel for steam raising, etc 

In my opinion an Indian Fuel Research Board while co-operating with 
existing organisations should concentrate on a few problems which when satis¬ 
factorily solved would provide data of commercial value To mention only one 
such problem I would refer to the large quantities of low-ash high-moisture coals 
which are liable to spontaneous combustion in storago or ships’ bunkers and 
are thus unoxportable 

Returning again to the mam divisions of research and the possibilities of 
co-operation it can be said at once that the 

(1) geological questions can best be loft to the Geological Survey of 

India who have already surveyed most of the coalfields m this 
country but who do not possess the facilities nor the staff for 
making a chemical survey of the seams, 

(2) chemical study of the coal seams, bed by bed, traced throughout 

a coalfield is best earned out by the chemical departments of 
provincial universities or schools of mines working in touoh with 
the Geological Survey and the Fuel Research Board 

Thus chemical study may include numerous questions.— 

(a) study peculiarities of different ooal seams, as traced from 
locality to locality, 
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(b) assist in bringing the ohemical and physical data into line 

with the geological information, 

(c) investigate different methods of coal sampling in the mines, 

for boiler trials and for export, 

(d) suggest uses for coals whose peculiarities have been proved, 

(e) publish information on the analyses and studies which have 

been made 

(3) With regard to the purely mining problems such as ventilation, 

underground fires, ooal dust, explosions, underground drainage, 
subsidence due to de-pillanng or collapse, otc it would seem 
llest to have these investigations made by committees appointed 
by the coal associations, mining mstitutoB and such bodies in 
close touch with colliery companies and the mines These are 
matters which get very close to the pockets of those engaged 
in winning and marketing coal and they would have a dose 
personal interest in the investigations by establishing a colliery 
owners’ research organisation. 

(4) Finally, there is the subject of the utilisation of coal and the various 

possibilities for cleaning ooal, preparation of Boft coke, improve¬ 
ments m hard coke manufacture, the recovery of gases and liquid 
fuels, the hydrogenation of tars, the testing of inventions or 
processes, investigation on pulverised fuel firing, the slagging of 
coal ash, and related questions. There is little doubt that as these 
investigations are of direct practical value they should be con¬ 
ducted by the special staff of the Fuel Research Board itself 
absolutely independent of any other department, association or 
educational institution. The chief objective of this oentral 
section of the Fuel Research Board is to try out processes, make 
tests, prove equipment and generally function as an experimental 
institution to prove and draw attention to various ways of using 
coal more economically, safely and profitably 



SAFETY IN MINES THROUGH EDUCATION 
By H K Nag, MI Mm E 

Coal Mining m India for commercial purposes dates back to 1774, but 
due to transport difficulties no serious attempt could be made till the opemng 
of the East Indian Railway as far as Ranigunj in 1856 

At the time, the output was mainly derived from open workings and 
the annual quantity was even less than 100,000 tons Attention to the safety 
of the workmen was unnecessary and was hardly thought of 

Proper measures for safety were officially introduced by the Government of 
India in 1901 by the promulgation of the Indian Mines Act including Rules 
and Regulations based on the British Mines Regulations 

The mines were then shallow and the total annual output was 6 6 million 
tons Along with the gradual development of the industry and as necessity 
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arose, further legislation continued to be introduced and enforced and probably 
the limit of legislation has now been reached 

It is well known that Indian Mines, in which a number of thick seams 
occur m close proximity to one another, present enormous difficulties and 
the danger of mining increases considerably with the depth and intensity of 
mechanisation 

The danger is all the greater during the de-pillaring operations in ‘Bord 
and Pillar’ work—the common method practised m India—and it might be 
pointed out here that more than half of the present output is being obtained 
from such de-pillanng work 

From calculations based on information collected from the Reports of the 
Chief Inspector of Minos, as shown m the graph (Figure 1), we find that 
at all mines undor the Indian Mines Act, the rate of sonous injuries, inclusive 
of the number ot fives lost per thousand persons employed, is gradually 
increasing Even if we eliminate the figures of 1935 and 1936, which might 
be considered unusual, the position does not show an improvement 

It should, however, be mentioned ho re that the doath rate per thousand 
persons employed in ooal mines continues to bo satisfactory, tho average being 
1 31 for the preceding 15 years up to 1937, as compared with 1 06 of Great 
Britain for the equivalent period ending 1936 

The classification given below affords us data for the examination of the 
causes of the fatal accidents taken over an averago of the preceding 15 years. 


(a) Misadventure 

Per cent 

64-04 

(b) Fault of the deceased 

18 04 

(c) Fault of fellow workmen 

430 

(d) Fault of the subordinate officials 

7 36 

(e) Fault of the management 

6 62 

(/) Faulty material 

0-74 


Figure 2 illustrates the Indian position regarding the death rate 
per million tons raised at coal mines m comparison with that of Great Britain 
It will be observed that this death rate in India is more than double that of 
Great Britain and also that of America where the rate is more or less equal to 
that of Great Britain 

From a careful study of the above chart and the classification of the 
causes, we find that the death rate due to the fault of the deceased, fault of 
fellow workmen and misadventure and also the death rate per million tons of 
ooal raised oould be greatly improved if the labour available for the mining 
industry were of better quality. 

The position now is that everything has been done which is possible by 
legislation, through the best efforts of the Mines Department in oo-operation 
with the management of mines. There seems to be hardly any room for 
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the introduction of any further regulations which might improve matters in 
this direction. 

Since the early years of the present century the Government of India 
had under consideration the question of devising means of reducing large 
avoidable waste of coal, ol improving the methods of extraction, and of 
affording greater protection to life and property Tn 1919, this resulted in 
Mr Trehame Ree’s report on methods of mining which was followed by the 
report of tho Coal Fields Comnuttee of 1920 and lately the report of the Coal 
Mining Committee in 1937 

Tho mam recommendation m these reports relates to the filling of the 
voids made during the recovery of the coal by incombustible stowing material 
—commonly known as Sand Stowing 

This method, although oxponsivo, if and when introduced, will undoubtedly 
go a great way to minimise the danger to life and property 

The Government of India have already started taking action m this 
respect, and I, therefore, at the moment, feel that there is no necessity to deal 
further with this aspect of the question. 

Now let us examine the type of labour we get m our coal mines 
The Indian mining labour was primarily agriculturist who took to mining 
as a secondary occupation Comparatively highei earnings havo tempted some 
of them seriously to take up mining work as their profession, but still quite 
a large proportion of the labour periodically disappears from tho mines to 
return to their villages for the purposo of cultivation Practically the whole of 
such labour force is illiterate, ignorant, noil-ambitious and inefficient and unable 
to realise the necessity of obeying or observing the Mining Regulations 

It is our common experience to see them congregating below ground in 
dungerous plaoes, often deranging ventilating arrangements, etc , neither do 
thoy consider it illegitimate to rob coal from tho pillars or to enter prohibited 
or fenced oft areas in order to get oasy coal Their ignorance is sometimes 
colossal and the writer has personal experience of a miner piercing tho top 
of his safety-lamp in order to improve the illumination. Fortunately in this 
case there was no gas present, otherwise the result oouid better be guessed 
than imagined 

The problem of labour in the coalfields, therefore, is a most difficult one, 
as the quality is nowhere near the requirements of the industry The labour 
should be healthy, efficient, disciplined and trained with a sense of safety 
With suoh qualities, the output per man can be considerably increased, thus 
reducing the death rate to a minimum in relation to the tonnage of production 
of the mineral A good and effioiont labourer not only improves his own 
wage-earning oapaoity and status, but is also less of a danger to himself and to 
others, and is more of an asset to his employer 

The introduction of sand stowing, further safety legislation, the formation 
of resoue stations and brigades or the appointment of safety officers, etc. 
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cannot, however, result in the maximum benefit, unless the workmen conoemed 
are oapable of understanding the dangers associated with modern mining and 
are made sufficiently alert and alive to such dangers and know how to avoid 
or to combat them Mere legislation in the Statute Book cannot produoe results 
unless the people oonoerned are educated enough to observe and benefit by it. 
It is, therefore, very necessary that urgent and immediate attention should be 
paid for their suitable education, which has so far been Badly neglected both 
by the owners and the Government, though much has already been and is 
being done to improve the housing, sanitation, water -supply, medical help 
and general welfare of the labour 

Considerable attention has been paid in recent years to the eduoatioil of 
the Supervisory Staff and of Mining Engineers The Indian Sohool of Mines, 
the Provincial Evening Mining Classes and the Benares Hindu University 
are already supplying trained Surveyors and Mining Engineers The Provincial 
Governments and the State Railways have established classes at suitable 
centres in the coalfields for the training of Overmen, Sirdars and other super¬ 
visory staff There is thus fairly adequate provision for the management 
and supervision of mines but the same cannot be said in regard to the labour 
force 

The urgenoy of the question of the education of the labour foroe was felt 
long ago and although it was known to all of us that the aooident rate amongst 
this class was highest, no serious attempt was made in this direction. Even 
this very important aspect escaped the attention of the Royal Commission 
on Labour who visited the ooalfields m 1930. 

There are a few primary schools in the ooalfields established by the 
Colliery Owners for the education of miners’ children But the number is 
far too inadequate to be of any use In 1930, the Bengal Rural Primary 
Education Bill was passed as Bengal Aot VII of 1930, under whioh Act a cess 
was to be levied on the Mines and Quarries for the introduction of primary 
education. In praotioe, however, nothing has been done 

Adult education, if anything, is m a still worse state. The approximate 
number of adult labour m ooal mines is m the region of 180,000. The cost of 
educating them should not be prohibitive and the benefits derived will more 
than justify the expense. It is not suggested to give the adults fairly extensive 
primary eduoation, but a start should be made in giving them the necessary 
safety eduoation through films and lantern slides accompanied by lectures 
and demonstrations, eto, that is to say, by combining recreation with 
enlightenment, more or less on the same lines as was followed successfully 
in the United States of America in educating the Negro mining population. 

Regarding the labourers' ohildren, oompulsory elementary education, 
with syllabuses made to oover practical instruction in m i nin g and its dangers, 
should immediately be introduced. The expense of such eduoation should 
be shared by Coal Owners and the Provincial Governments alike. 

9 
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The above course is a suggestion for the consideration of all oonoerned and 
a proper committee should be immediately established to go into the question 
thoroughly and draw up a comprehensive and workable scheme 

It is gratifying to mention here that the ministry of Bihar has reoently 
taken up the question of adult education all over the provinoe including the 
mining areas The Distriot Offioers and the Educational Authorities of the 
provinoe have, it is learnt, enthusiastically taken up the work and Local 
Committees have been established to impart elementary education to the 
adults within these areas 

In the modern campaign for greater safety in coal mines as practised in 
other parts of the world, one of the principal items is education of mining 
labour In India this has been entirely lost sight of, and it is time wo devote 
serious attention to this problem I would, therefore, conclude by appealing 
to the Colliery Owners, Labour Organisations and Governments (both provincial 
and central) to give their immediate consideration to so important a matter 
and thereby help to increase the efficiency of the labour as well as reduce the 
aooident rate in our mines. 



SAFETY IN COAL MINING 


By E B Park * 

General 

The first thought that occurs to one on reading the title of this paper 
is that ‘Safety m Mines’ is only a relative term , there is not now safety in 
coal mining and there never has been, coal mimng has always been a dangerous 
occupation and in spite of the vast expenditure in brains and money on the 
subjeot of increasing the safety in mines the dangers still remain, I think, as 
great as ever This is not because the brains and money spent on research 
have been wasted, but because as mimng proceeds to greater depths condi¬ 
tions of work become more difficult and dangerous, and also the trend of 
modern requirements for intensive mining, with its concentration of men and 
machinery m small areas for large outputs, raises problems whioh were very 
much less noticeable under the more leisurely old-fashioned methods of working. 

Method of dealing with the subject 

The heading safety in mines embraces a great number of practical and 
scientific factors relating to various phases of tho working of a oolhery and I 
propose to discuss the matter briefly as it affects the different phases of the 
work 

Safety in shafts and on haulage roads, 

Aocidents m shafts are, fortunately, extremely rare except m the oase of 
the actual sinking of the shafts, I say fortunately because the thought of an 
accident m the middle of a deep shaft, in say England, where as many as 100 
men may be in the two shaft cages at one time, simply appals the imagination 
The reason for this laok of aocidents is that the only things that can go wrong 
are the winding engine, winding and guide ropes and accessories and the cages 
themselves, all these are governed by very strict regulations as to length of life, 
inspections, eto , and as m addition everything is easily accessible for inspection 
there is consequently very little tendenoy for the inspection to be neglected 

Accidents on haulage roads, on the contrary, are distressing by their 
frequency, and in spite of the stringent regulations enacted m all countries a 
glance at the annual report of the Chief Inspector of Mines of any country will 
show that aooidents on haulage roads form a large proportion of the total 
number of aooidents 

The reason for this is to my mind two-fold firstly, the haulages are 
underground and very often stretch for long distances in-bye so that thorough 


* Loysbad Colliery, Haabhum. 
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inspection of traok, signalling apparatus, safety appliances, etc is a job whioh 
calls for extremo efficiency on the part of the subordinate staff concerned, 
seoondly, it is the old tale of ‘familiarity breeds contempt’, the men working 
on the haulages are doing the same job day after day and unless the manage¬ 
ment are extremely strict in enforcing the rules relating to working of the 
haulages slackness sets in and the men start taking risks until an accident 
ooours 

Every mining man knows the rules the application of which will reduce 
his haulage accidents to a minimum, but it may not be out of placo here to 
jot down a few of the most important — 

Manholes must be provided as required by the Act, must be of proper 
size and kept dean 

No person must be allowed to travel or work on the haulage road while 
the rope is in motion unless specially authorised to do so 

No person must nde on any set of tubs unless specially authorised to 
do so 

The signalling apparatus and the track must be kept in first class order 
throughout the length of the haulage road 

Stop blocks must be placed at the top of every brow or incline and must 
be kept shut. 

On a mam rope haulage from the dip a drag must be attached to each 
ascending set of tubs. 

On an endless haulage on a gradient automatic jack catches must be 
plaoed at intervals to prevent the tubs from running back if they become 
detached from the rope 

Where men are working on a haulage road in the dip and the haulage is 
working above, good buffers, preferably m the shape of stout steel derrick props, 
must be provided. 

No men must be allowed to stand or sit on the junctions where side roads 
join haulage roads 

Haulage engines, ropes, caplee, tub links and tub drawbars must be 
examined regularly 

Accidents due to falls of roofs or sides. 

This class of accident again is one which contributes a big percentage 
of the total number of aooidente in mines and unfortunately it is extremely 
difficult, if not impossible, even to form rules whioh will eliminate it. 

The danger from falls of roof and side is one which is inherent m mining 
and it is really only the practical mining knowledge of the average workmen 
in the mine which can keep it at bay; when a man has worked down a mine 
for several years he develops a sixth sense which tells him when a place is 
safe and when it is not, if he does not develop this sense he is booked for the 
oasuakty list, it is a result of hud practical experience and no amount of book 
learning will give it to a man although it is true of oourse that a man with his 
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brains sharpened by a good education will pick it up more quickly than one 
who has not been so fortunate. 

As with haulage accidents, so with falls of roof and sides, it is often over- 
confidence or slackness on the part of the men conoemed that causes an 
acoident They know that, for example, another prop should be set before 
they cut any more coal but perhaps they only need a few more basketfuls to 
complete a tub, they risk it and take the consequences 

The only safeguard against accident of this type is a very strict insistence 
on safe timbering and work in general by the management and subordinate 
officials so that a roan knows that if he deliberately runs a risk he not only 
risks his life, but, if he gets away with it, he will still be in trouble with the 
management 

It is only fair however also to show the other side of the picture whioh 
is that in many cases, especially m de-pillaring work in this country in thick 
seams of 20'-0' or more thickness, the conditions of work are definitely 
dangerous and it is a wonder to many of us who have to supervise the work 
under these conditions that accidents are not more numerous than they are; 
it says a lot for the skill of the average miner at his own particular job 

Accidents from shot-finng 

The rules laid down by the Mines Act and Regulations in this country, and 
in most other countries as well, with regard to shot-firing in mines are very 
strict and it is largely owing to these rules that the accidents directly attribut¬ 
able to shot-firing are not actually very numerous, there is always a grave 
potential danger from men overcharging shot holes, firing shots without 
warning other workmen in the vicinity that they are going to do so, or firing 
shots when there is any CH 4 present m the neighbourhood of the plaoe where 
the shot is to be fired, but all these cases are clearly covered by the regulations 
under the Mines Act and these regulations are strictly enforoed in any 
well-managed colliery. 

The greatest danger from shot-finng undoubtedly is the ignition of gas 
or ooal dust whioh may lead to an explosion, but the oompulsory use of 
‘Permitted’ explosives in gassy mines and the oompulsory use of inert stone- 
dust have reduced these dangers to a minimum 

Another cause of danger from shot-finng is the mis-fired shot, the fuse 
of a shot is ignited or the electncal exploder is worked and the shot does 
not explode and there is a dangerous tendenoy for the man conoemed just 
to wait about a minute and then go in and see why nothing has happened, 
as it is not an infrequent occurrence for the explosive to have a delayed action 
for some reason or other anyone doing this is running a very grave risk, and 
the Mines Act lays down that if a shot is mis-fired the plaoe must be fenced 
off by an official and no one may go near for at least an hour, and then they 
may not try to examine the shot-hole or pull out the explosive but must bore 
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another hole, fire it and then search for the unexploded charge which must 
be accounted for 

If the regulations are adhered to in these cases there is very little danger 
Accident* due to machinery 

Accidents due to this cause in mines may be either on the surface or 
underground, on the surface they are of course no more likely to occur than 
in any workshop or factory, but underground there is the added difficulty that 
the lighting, even under the best conditions, is inferior to that on the surfaoe, 
and in order to keep these accidents to a minimum it is absolutely essential 
that all underground machinery shall be really well fenced off and that no 
person shall be allowed to go inside the fencing while the machinery is in 
motion; another point which only applies to this country, but which is definitely 
most important, is that all machinery attendants and fitters must wear some 
kind of shorts and not dhoties which are extremely dangerous articles of apparel 
when there is moving machinery about 

Accidents due to C0 % and CO gas 

These accidents are not common, but they do occur and they are usually 
due to ignorance on the part of the men concerned, or slackness on the part 
of the supervising staff. 

It is of course essential that the officials of the mine shall be able to detect 
these two gases and if they find any of either gas the place must be fenoed 
off, CO is only found when there is heating and as it is invariably accompanied 
by the characteristic gob stink the danger should be spotted and tackled 
at onoe if the officials are alert, if anyone gets gassed by CO when actually 
dealing with a fire or heating that is a mining risk which has to be taken, 
but even then it should not prove fatal as everyone knows that the nsk is 
there and if small birds are kept on the job, as the law demands that they shall 
be, they will be the first to suffer and the men can be withdrawn before they 
are seriously affected 

The danger from CO t is rather more insidious as this gas has no smell 
and lies in any old unventilated workings of a mine, it should of course be 
found by the supervising staff on their inspections, but cases arise where 
men go into old workings for some reason without thinking of the danger 
and are overcome. 

Accidents due to fires, ignitions and explosions 

The above subject has been dealt with in detail in my paper ‘Fires 
and ignitions in mines' which is before this meeting, so I do not propose to 
deal with it any further exoept to remark that while accidents under these 
headings are the most arresting and startling they actually do not account for 
as many fatalities m a normal year as do falls of roof and side or haulage 
accidents. 
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Means of tnereastng the safety in mines 

The two most important factors bearing on the safety problem are research 
and education, a tremendous amount of research has been done in England 
by the Safety in Mines Research Board, and m other countries by similar 
bodies, and the industry is benefiting greatly by their labours, explosives, 
method of dealing with coal dust, heatings, haulage safety appliances and 
safety clothmg are all subjects on which valuable work has been done and 
extremely valuable information obtained. 

Education is another extremely important faotor in safety in mines 
and one that is rightly receiving increasing attention m this country, for 
example, shot-firers are now being trained up to pass an examination qualifying 
them for their position , thero is no doubt that if one can get the officials and 
workmen to appreciate more vividly the dangers inherent in the work of coal 
mining the accident rate will decrease. 




PACKING WITH INCOMBUSTIBLE MATERIAL IN COAL MINES. 


By L J Babbaolottgh,* M 8 c , MI Mm E. 

1. B%ttorical, 

The winning of underground coal seams is conducted by two mam systems 
of working (a) Bord and Pillar, and (b) Longwall 

The Bord and Pillar system has other names such as Room and Pillar, 
Stoop and Room, Pillar and Stall, etc —all of which indicate the general idea 
of comparatively narrow dnvages or galleries which block out the coal area 
into Pillars or Stoops which may be extracted subsequent to the driving of 
the galleries 

In the early days of English mining the pillars were left standing with a 
view to preventing accidents from falls of ground, economising m timber 
supports, and preventing surface subsidence, and under present-day conditions 
m the USA, India and South Africa these considerations still apply, with 
resultant loss of the valuable coal pillars 

The Longwall system of working has now replaced the Bord and Pillar 
system m English and Continental mines, in this method of work the whole 
of the coal seam is worked by long faces, the strata above the Beam being 
supported temporarily by props and permanently by packs The roadways 
serving these long faces are formed out m the packed areas as the faoe advances, 
the roof or floor in these roadways being 'ripped’ or excavated to give the 
necessary height and width for the working of tubs or conveyors and the 
passage of the ventilating air current 

The success of the Longwall system of working largely depends on the 
efficiency of the packing or stowing of the excavated areas As the coal is 
extracted the immediate strata converge, tending to close the excavation, 
if this convergence of the roof and floor beoomes exoessive accidents from falls 
of ground frequently occur, the coal is worked with difficulty, roadways cannot 
be maintained and there is a danger of large bodies of inflammable gas being 
emitted and fouling the ventilation currents Of such importance is ‘Roof 
Control’ or ‘Strata Control’m Longwall mining that m 1929 the Safety in 
Mines Research Board appointed a highly qualified Chief Mining Engineer 
and a staff of coalfield engineers to study the problems of packing and Btrata 
control, the various reports issued by the Safety in Mines Research Board on 
the subject afford very valuable information to the mining engineer. 

In India the subject of stowing has been prominent before the mining 
profession of recent years and the Coal Mining Committee in its report of 1937* 

dealt with many aspects of the problem _ 

* Messrs. Andrew Yule & Co., Ltd. 
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2 Objects of Packing 

It is generally agreed that efficient stowing of areas from which coal has 
been worked gives the following advantages — 

(1) The filling of the wastes or goaves prevents accumulations of 

inflammable gas and eliminates ‘weights’ and large collapses of 
roof which might expel large volumes of gas into the working 
areas with consequent increase in the risk of explosion 

(2) Spontaneous heating of ooal or carbonaceous matter in goaves 

(gob fires) is eliminated 

(3) No pillars of coal need be loft to support the surface and coal may 

be worked under the sea or riverbeds and under occupied areas 
or industrial works 

(4) The ventilation of the workings is improved 

(5) The maintenance of the strata in an unbroken condition reduces the 

risk of the miner being killed or injured by falls of ground 

(6) With intensive support intensive methods of working can be adopted, 

the number of roadways and haulages can be reduced, increased 
efficiency and economy result and supervision can be more 
effective due to the reduction m the area of workings to be 
inspected 

3 Methods of Stowing. 

There are four mam methods of paoking (a) Hand Packing, (6) Hydraulic 
Stowing, (c) Pneumatic Stowing, and ( d ) Mechanical Packing 
(a) Hand Packing may be done.— 

(1) with imported materials alone; 

(2) with materials obtained from rippings of dummy or mam roads 

(brushmgs) or back nppings, with material obtained from 
controlled falls m the goaf, with materials rejected tn svtu whilst 
working the seam, with chocks or cogs; 

(3) with a combination of materials obtained under (1) and (2). 

System (1) is rarely practised in British or Continental mining as the 

seams are thin (generally below 0' thiok) and the roof or floor strata have to 
be ripped to make and maintain roadways of adequate dimensions. System 
(2) is the common praotioe, strip or partial packing being employed to give 
controlled oonvergenoe of roof and floor. In oertain seams notably in S. Wales, 
material is imported to supplement materials obtained under system (2). 
In Germany, where the Mines Police at one time insisted on solid paoking, 
there has been a notable change over to partial or strip paoking. 

Where the materials are weak, i where good stones for building the 
paok walls cannot be obtained, the pack walls are sometimes built of bags 
filled with small debns or the paoks may be reinforoed by wire mesh, or by 
wooden cOgs. 
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Cost of Hand Packing —With materials readily available close to the site 
of the pack being built, t e , within 6' to 8', a good workman (m England) oan 
well paok 200 cu ft per 7-hour working shift At a wage of 8 shillings per 
day this constitutes a charge of over Is per ton of coal won, if solid packing 
is done If materials have to be imported the cost is increased by approxi¬ 
mately 60% With partial or strip packing, in which material is obtained 
from dummy road nppmgs or controlled goaf falls, the cost of packing vanes 
aooordmg to the percentage area packed but generally in seams of moderate 
thickness with shale roofs is 9 d per ton, in exceptional cases, * e , a thin seam 3' 
thick with strong sandstone roof with 4-yard gob paoks and 16-yard wide 
gobs, the cost was from 4d to 5d for packing, excluding packs built by main 
road rippers 

The cost of solid packing by bags is excessive, a bag 32' X14' wide, costing 
approximately 2d , gives when filled a builder 30' long by 12' wido by 6' deep 
The cost of bags alono approximates to 4 shillings per ton In practice bags 
are used only as pack walls which confine hand-packed small debris and even 
then the cost of bags is high 

Limitations of Hand Packing —In seams over 6' high good hand packing 
is rarely practicable In thick seams the cost of stowing increases rapidly 
for each foot of height over 6' 

Hand Packing in India —Materials for packing are rarely available 
underground as nppmgs are not taken and the soams are fairly dean The 
labour force underground is composed of men small m stature and m the 
mam unaccustomed to shovelling A rough estimate of the cost of hand 
packing in India, in a seam 12' to 16' thiok, of which 26% has been taken in 
first workings, is 12 to 16 annas per ton plus capital charges and the under¬ 
ground labour force in a mine turning 1,000 tons per day would have to be 
augmented by from 760 to 1,000 extra underground workers 

In our present Indian mines the tramming grades would prove a great 
obstaole to taking materials for packing into working faces and it appears 
obvious that hand packing on a large scale in thick seams is impracticable in 
this oountry 

In thm seams 6' thick or under, partial packing and controlled convergence 
may be accomplished by dummy road nppmgs or controlled goaf falls at a 
cost of 6 to 8 annas per ton of coal m virgin workings Such seams are rarely 
worked, and the labour personnel is unsuited to such work as yet. 

(6) Pneumatic Stowage —Pneumatic stowage is a system whereby stowing 
material is conveyed through pipes by compressed cur and delivered with some 
force to the place being packed. The material has to be graded and the 
length of pipes, and curves in them, limited 

In Great Britain the system was tned at a colliery near Manchester and 
was abandoned, and it is now in use at a colliery m Fifeshire 

In Germany various pneumatio stowage machines of the Torkret, Miag 
Konig and Biein types are being used, whilst at a oolhery m Rumania 
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experiments are being conducted in blowing material from the surface vta 
pipes to the underground workings 

At a Ruhr Colliery visited by the writer a Biein machine was stowing 
200 tons per day Dirt up to 3' mesh was taken m tubs m the upper level, 
tipped by a side tippler on to a short belt conveyor which delivered the material 
to the stowing machine. The material was fed through the machine into 6' 
pipes, maximum length 300 yards, air pressure 55 lbs per sq mch, on to the 
face With the special layout the number of men required per shift for 
stowing 200 tons maximum was 17 Compressed air consumption was heavy 
and cost of pipe renewals and bratticing likewise 

At a Scottish Colliery working a thiok seam a pneumatic stowage 
installation is working and the following notes apply to it. 

Wet sand was not delivered satisfactorily but dry sand proved suitable 
exoept that it was not jammed tight against the roof, and a considerable 
quantity of sand was blown on to the working face by the compressed air jet 
The maximum capacity was about 25 cu yds per hour and air consumption 
2,600 cu ft per minute, some sparks were given off at the delivery end but it 
was stated these would not ignite gas It is to be noted, however, that 
Audebest and Delmus m France must have had some grave doubts as to the 
danger from sparks from pneumatio stowing apparatus when they suggested 
that pneumatic stowage should be prohibited and 2 explosions, one in Lancashire 
and one in France, are attributed to such sparks In gassy mines, therefore, 
the introduction of pneumatio stowage has to be viewed with suspicion. 

Summary —Pneumatic stowage does not appear suitable for general Indian 
mining conditions owing to —_ 

(а) High cost of compressed air 

(б) High initial outlay 

(c) Difficulties in adapting existing layouts for transport of material to 

site 

(d) In gassy seams the possibility of gas ignition by sparks 

(«) High oost per ton of material stowed. 

In certain speoial cases it may be applicable, however 
(c) Mechanical Stowing is still in an experimental stage but at the 
Rheinpreusen Colliery, Ruhr Coalfield, turning out 3,000 tons per day, it has 
replaced hydraulic, pneumatic, and hand stowage 

In this system the material is delivered at the tail end of a face belt 
conveyor and is automatically dumped off the belt at any predetermined 
place on the face on to a high speed throwing belt which delivers the material 
to the goaf Wet material can be handled up to 3' cube m size The machine 
can be electrically driven and has delivered 70 tons per hour. At Rheinpreusen 
Colliery the cost of lowing 100% solid with this system, including power, 
depredation on machine (25% per annum), replacement of stowing belt (every 
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40 days or 16,000 tons), all underground labour for delivery material and 
stores was given as 0*4 marks per ton of coal (approximately 6 annas). 

It appears the mechanical throwing belt has a future in this country m 
virgin areas where an intensive mining system can be laid out to suit it but 
it is not entirely suitable for collieries already laid out 

Hydraulic Stowage —The objections to, and difficulties attendant on, 
hydraulio stowage in British and Continental mines are well understood and 
except in Silesia and the Myslowitz mine it has tended to be replaced by hand, 
pneumatic and meohamoal stowing 

The mam difficulties attending hydraulic stowage are*— 

(1) The effects of water on weak floors and roofs, rapid floor heaving 

and deterioration of weak roofs rondorod it unworkable in 
many cases 

(2) Difficulties m supplying suitable stowing material Washed sand, 

whioh permits of ready drainage of dear water, is the ideal filler 
for this system 

(3) In thin seams,»e , under 4' thiok, with weak roofs, there is difficulty 

m paoking close to the faoe, only small quantities can be packed 
per operation and there may bo admixture of stowing material 
with the ooal being wrought 

These difficulties are not of grave import m India The roofs and floors 
of the seams are strong and are little affected by water, in many cases there 
are ample supplies of clean river sand which can be dohvered fairly cheaply 
at the pit head; and in thick seams it is possible to flush continuously up to 
4,000 tons of sand in one plaoe 

The cost of hydraulically stowing sand underground consists principally of 

(a) cost of supplying sand to the pit head, 

(b) renewal of pipes, 

(c) pumping stowage water from the workings to the surface, 

(d) barricade material to hold the stowage m place, 

(e) labour for attending to pipes, flusher, pumps, eto 

As may be judged from a consideration of the above factors the oost of 
hydraulic stowing will vary at each pit where it is practised One of the 
most important items, however, is the cost of delivering sand to the pit head, 
and in those oases where sand or other material is not available on or near site 
the oost of transporting the stowing material may be heavy. 

4. Research Work on Packing. 

The programme of researches carried out by the Safety in Mines Research 
Board may briefly be cl ass i fied as— 

(«) The physical properties of ooal measure strata. 

(b) Laboratory experiments to determine the resistances developed by 
packs, cogs and bag supports. 
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(c) Underground investigations The effects of depth, nature of 
material, thickness of seam, quality and extent of packmg, rate of 
face advance, depth of underout, line of face, width of working, 
the working of sub-jaoent or super-]aoent seams, inclination of 
seams, etc Associated with researches on packing are the 
studies connected with the resistances developed by face supports, 
the causes of weights, strata movements ahead of and behind 
Longwall faces and the development of suitable convergence 
recorders and dynamometers to measure height reduction and the 
resistances developed by various types of supports 
The results of some of the nivestigations on hand packmg are summarised 
below — 

(1) Packs built close to the face and rammed tight to the roof, with 

intermediate crosswalls and face walls, gave the best results 

(2) Packs should bo built before cutting of the face is commenced 

(3) Even m very well-built packs built by hand the percentage of voids 

was from 35 to 40 

(4) The quality of the packing is all-important and well-built packs, 

though of limited dimensions, provided more efficient roof control 
than continuous poorly built packing, t e , well-built strip packs 
are preferable to poor quality solid stowing 

(6) The rate of convergence associated with well-built packs was less 

than J' per foot of faoe advance, whether the face advanced 
quickly or slowly. Roof conditions are better on a slowly 
advancing well-packed faoe than on a quickly advancing badly 
packed face but where the packmg was of equal quality the 
quickly advancing faces gave better conditions than the slowly 
advancing faces. 

(8) Packs built of hard slabby sandstones developed greater resistances 
m the early stages of compression than packs built of rounded 
stones or of softer materials 

(7) Cogs built of round timber and well filled with stone developed up 

to 6 times the resistance of an unfilled similar cog for the same 
extent of compression. An unfilled cog of round timber is of 
little value as a roof support 

(8) ‘Weights’, phenomena characterised by a large increase in the 

convergence /ad vanoe ratio and often accompanied by widespread 
collapses of roof and emissions of gas, were the results of poor 
quality packing, m certain oases where the quality of the packing 
was improved ‘weights* were eliminated. 

(9) ‘Bumps’ are often associated with a lateral movement of the roof 

or floor in advance of the faoe by which stress is relieved but the 
inward movement of roof and floor was small. 
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There is not sufficient space in a short article to describe all the results 
so far obtained but some of the main features established by researches on 
packing are given above 

6. Difficulties associated with Slowing. 

At British and Continental mines stowing has been practised for several 
decades and systems of working have been evolved to obtain the full benefits 
for the expenses incurred in stowing As an example a case may be cited of 
a seam 7' thiok being worked on the Longwall system by conveyors and coal 
cutters; a double unit Longwall face 240 yards long is advanced 5' per day 
and 860 tons of coal are loaded m 6 hours at one loading point The mechanisa¬ 
tion of the coal winning operations, the high output per man, the concentrated 
work resulting in few roadways to be maintained and efficient supervision and 
a high degree of safety, combined with a low cost per ton, are dependent entirely 
on the efficient system of stowing, or roof control which is adopted In this 
case, although the oost of stowing is a high proportion of the total cost per 
ton of ooal won, the advantages gamed more than outweigh the disadvantages 

In Indian mines many of which are now fully developed for pillar extraction 
the mines were laid out and development proceeded before the necessity for 
stowing was obvious, and in these mines the full benefits of stowing, apart 
from conservation of coal and increased safety, cannot be realised In new 
mines it may be possible to plan the workings so that some of the expense of 
stowing may be recovered by reducing other costs 

As seams in India are generally thick, it is not practicable to np the roof 
or the floor to provide stowing materials, hence material for packing will have 
to be derived from the surface. Some collieries at which sand or other material 
can be excavated and transported cheaply to the pit head oan obtain their 
material for stowing much more cheaply than other collieries, where the 
transport of the material may be so costly as to render the oost of stowing 
prohibitive, unless some assistance is rendered 

The method of stowing adopted depends on the conditions associated with 
each mine; no hard and fast rule can be laid down as to the best system of 
stowin g . For Indian conditions in general, however, the system of hydraulio 
stowage appears the most suitable but there may be conditions where hand, 
pneumatio or mechanical stowage might be more cheaply applied. 

6 . Conclusion. 

Efficient pac king , whether solid or partial, ensures the extraction of the 
maTim»m quantity of ooal with the greatest degree of safety and aooordingly 
is to be reoommended. Many diffi culties have to be overoome, and much 
pioneering work done, before the system oan be applied generally to Indian 
conditions but recent legislation should greatly facilitate the extension of 
•towing systems. 




SOME PHYSICAL CONDITIONS WHICH AFFECT SPONTANEOUS 
HEATING IN COAL MINES 

By W Kirby, B Sc , MI Mm E , Chief Inspector of Mines xn India 

Spontaneous heating in coal mines is of great importance on acoount of 
the considerable losses of coal involved in the resulting fires and the dangers 
incurred in dealing with those fires 

The causes of spontaneous heating may be considered under two 
headings —(o) Physical, and ( b ) Chemical With the limited Bpace at my 
disposal I propose to discuss the most important physical conditions in mines 
which are conducive to initiating spontaneous heating and which will be of 
more interest to the mining engineer than the chomical aspoct of the subject 

The physical conditions which influence spontaneous heating m coal seams 
might be classified as follows — 

(1) The thickness of the coal seams 

(2) Nature of the coals, geological conditions and the crushing of pillars. 

(3) The nature of adjoining strata 

(4) Depth of the coal seams 

1 The thickness of the coal seams. 

The thicker the seams the more difficult it becomes to extract all the coal, 
and some small coal is generally lost m the goavos, due to ‘weight’ coming on 
the small pillars or ‘stooks’, necessitating the leaving of coal in the goaveB 
This coal becomes crushed and is one of the primary causes of the spontaneous 
heating Agam, the cleavage planes m thick seams are usually very pronounced 
and may lead to deterioration of the pillars in the ‘first working’ particularly 
where the galleries have been dnven to the full height m thick seams There 
are sometimes soft bands in coal seams, eg, No 15 seam in the Jharia coal- 
field, whioh deteriorate and are likely to create conditions conducive to 
spontaneous heating, because of the gradual weakening of the pillars which 
may result m collapses and the production of small coal and other conditions 
likely to promote heating 

2 Nature of the coals, geological conditions and the crushing of pillars. 

The nature of the coals and the geological conditions play an important 
part m the stability of pillars 

The friability of ooals vanes considerably throughout the Jharia coalfield. 
In the eastern portion of the field there is a soft band, 2'-4' thick, in the middle 
of 15 seam, whioh crumbles up m the hand, and the cleavage of the coal is 
also very pronounced These conditions encourage deterioration of pillars 
In the south-east part of the Jhana coalfield there is a 4'-5' section of very 


YOL. VI—No. 8. 
10 


[Published Auguat 22nd, 1040. 



446 


W. KIEBT ‘ SOSCB PHYSICAL CONDITIONS WHICH 


friable ooal, about 12 feet from the roof and in addition the seam is traversed 
with shokensides, and these factors have an important bearing on the liability 
of the ooal to crush and form small coal In the year 1932, I read a paper 
before the National Association of Colliery Managers (Indian Branch) entitled 
‘The Causes of Spontaneous Combustion underground in names in the Jhana 
Coalfield together with a consideration of some preventive measures’, in which 
I referred to an explanatory note on a geological section and the geological 
conditions in this part of the coalfield by l)r Fox, and I cannot do better than 
quote this note in full and givo the section (Figure 1) 

Dr Fox states — 

‘The section is drawn to the scale of 4 mchos to one mile, both vertically and 
horizontally, on the lino, roughly of longitude 86° 26', across Bhoet No 8 of the Oeological 
Map of the Jhana Coalfield The northern part of this section was dealt with in a special 
excursion of the Muung and Geological Institute of India on the 10th February, 1030 
The intention of that excursion was to show that the gneisses of Pathardih were not the 
robes of an ancient ndge on which the Coal Measure sediments were laid down And it 
was proved on the ground that the coal bearing strata on each side of this Pathardih 
burst had not been let down by simple faulting The evidence was clear that shearing 
hod occurred along tho line of the gneiss-coal measure boundary, as though the gneisses 
had been < In von westwards into the sedimentary rocks, or that the coal bearing Btrata 
had been thrust against tho gneisses from the west (See Transactions, Mining and 
Geological Institute —Volume XXV, pages 176-179, 1931, and the Map of the Bhulanbaran 
area given with it) 

‘With regard to the area south of the Pathardih horst the outcrops of the seams do 
not show the same spectacular sweep as they approach the gneisses In fact, at first 
sight there is apparently stnet parallelism between the outcrops and the boundary, such 
as would be expected with beds gently dipping away from the rocks on which they rest 
undisturbed The first lrregulanty, however, becomes evident m tracing the outcrops 
of No X and No XI/XII seams from west of Sawardih to Chaanala They converge east¬ 
ward, and so does the outcrop of No XIV seam with respect to that of No X seam 
There is little evidence of faulting between Examined closely it is found that faults 
must exist between each of the seams named—between X and XI-XII near Chaanala, 
and between XIV and XI/XII south of Sawardih When the thickness of tho bods and 
the dips of the strata are carefully drawn in section it is discovered that there are irre¬ 
gularities between XV seam and XVIII seam m the Sudamdih tract. And the mapping 
has shown unusual seams and beds above XVIII seam in the area south-east of Sitanala 

‘The explanation of these features is difficult but the dues are to be seen m the banks 
of the Damodar nver south of Tasra (23° 38', 86° 280 an d £d*o north-east of Bhojudih 
radway station In each case the strata are found striking almost at right angles to the 
direction of their outcrops at Sudamdih and Chaanala. The dips increase steadily from 
Pathardih to the south bank of the Damodar by the radway bridge, but at no place are 
the dips as steep as those seen south of Tasra. And just east of Bhojudih the dips are 
not only up to 80°, but the strike has swung round so as to give definition to a deep trough 
to the west under Bhojudih and onward. Crushed coal in a seam on the banks of the 
Ijn further confirms the synclinal structure west of Bhojudih. All these evidences are 
depicted in Sheet No 8 of the Geological Map of the Jharia Coalfield. And there can 
be no question that the evidence as a whole confirms a westward forcing in of the gneisses 
or an eastward thrust of the Gondwana strata. 

‘On pages 87-88 arid 151-152 of the memoir on the geology of the Jharia coalfield 
(Memoir, Geological Survey, India, LVI, 1930), questions of shearing along the bedding 
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of the strata are considered The question to be decided is along which of the beds— 
sandstones, shales or coal seams—is sliding likely to occur The general opinion from 
experience is that the plane between a thick sandstone and a bed of shale is most likely 
to function as a gliding or shear zono In this case the strata themselves will not be 
greatly affected if the folding or sliding is not excessive On the other hand there is little 
doubt that if a coal seam becomes mvolved m a shear zone the coal will be seriously affected 
by almost the smallest movements The result will be that any cohesion or strength of the 
coal will be greatly reduced and it is doubtful if any reliability can be placed on such 
material to withstand roof weight Of actual data m this connection wo have evidence 
of two kinds—one m the cunous failures of coal pillars in certain seams in certain areas, 
and the othor m the liability of the same seams to ignition by spontaneous combustion 
‘In the last paragraph emphasis is intended on the word certain It is well known 
that the coal in the various soams m the Barakar senes m the Jhana coalfield is not the 
same In some it is dull and hard and strong , m others it is bnght and bnttle and fnable 
Taking these extremes as types of two Beams it is evident that under stresses inducing a 
strain along the bedding of the seams the bright coal will shear rather readily It is 
nearly always the better quality coal Consequently, when such a seam is opened for 
working, the pillars will be subject to spalling, collapses are likely to occur in an inexplicable 
way to those who do not appreciate the loss of cohosion that has occurred in the geological 
past, and, lastly, such coals will readily oxidise and heat up and ultimately ignite with 
access of air It is true that nearly all bnght coals with a volatile percentage over 25 are 
liable to spontaneous combustion, under suitable conditions, even when m undisturbed 
seams But when shearing, especially relatively slight shearing (enough to impair the 
strength of the coal), has taken place these seams are much more hablo to fire when 
worked by the pillar and stall methods now m vogue m the Damodar valley coalfields 
‘ The section which accompanies this note is to indicate the geological structure along 
one line from the southom boundary fault near Bhojudih northwards through Sudamdih 
and through the gnoissio horat of Pathardih to the coal measures about Bhulanbaran 
It is by no means certain that over-riding is absent in the Barren Measure sand¬ 
stone about Chhatatanr, and the considerable thickness of strata which has been designated 
Upper most Barakars may also be due to a duplication of the measures as the result of 
over riding (as explained on page 88 of the Jharia memoir already referred to) With 
regard to the fault immediately north of Sudamdih there seems httle doubt that over riding 
has occurred and that this is not a normal but an overthrust fault It must, however, be 
kept in mind that the direction of shearing (over-nding or overthrusting) is not merely 
up and down along tho fault plane, but that the greatest movement appears to have 
been along a horizontal direction in the shear or fault plane This is very hard to detect 
in the field unless the face of the fault is seen, but the mapping of the surrounding 
areas loaves no room for doubt It is to be noted that the intrusions of pendotite have 
occurred after the strata were disturbed and dislocated by tectonic movements—probably 
while the Barakar coal seams were still overlaid by 10,000 feet or so of younger strata. 

‘With regard to the whole question of structure of the Jhana ooalfleld there is abundant 
evidence of shearing in several places, both m the south and east as well as to the west 
of tho field. At the point of the Pathardih horst m the Bhaura (Bhowra) area the gneisses 
appear to have ploughed under the coal measures. And m each case which has been 
scrutinised the evidence points to a general compressive effect along an east-west direction, 
i e , roughly parallel to the mam line of faulting It seems that the great boundary fault 
is the chief tectonio feature, and that along this line the strata on the down-throw side 
has not been let down equally all along In consequence of this there are deep saga- 
now the coalfields of Raniganj, Jhana, Bokaro and Karanpura—and in these sags over¬ 
riding has followed the bending of the strata—the successive (or oertam) beds slipping 
(or shearing) over the next below—as already referred to on page 88 of the Jharia memoir. 
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All these subsidiary movements combined are not easy to unravel, but the sum effect has 
been communicated to certain coal seams in certain areas, and those coal seams m thoso 
areas are both liable to spontaneous combustion and to oollapae to a greater degree than 
should normally be expected ’ 

Shale and sandstone bands in seams are likely to affeot the liability of a 
seam to heat spontaneously, as when coal is crushed and heat generated, the 
shale bands, which are poor conductors of heat, are likely to retain the heat 
and assist spontaneous combustion In the Jhana coalfield fourteen fires have 
occurred after premature collapses of pillars have taken plaoe and there is no 
doubt that the inability of the coal and the geological disturbances were 
important contributory factors 

Dr Penman, m Table II of his paper* ‘Tho Crushing Strength of Coal 
Pillars’, gave the approximate average crushing strength of pillars in lbs per 
square inch for Nos 16, 14 and 13 seams in the Jhana coalfield, as 1,000, 
1,100 and 1,060 It is significant that these three seams which are the most 
liable to spontaneous combustion have the lowest crushing strengths of the 
coals given in the table 

The crushing of pillars may be directly responsible for fires I know of 
one case in the Jhana coalfield whore a pillar m 16 seam adjoining a depillanng 
area at a depth of 660 feet was badly crushed and eventually the pillar went 
on fire spontaneously The effect of crushing is to produce small coal and 
also to generate heat due to the gnnding action produced 

In Volume LXIV (1922-1923), Transactions of the Institute of Mining 
Engineers , Prof Briggs gives the results of experiments earned out on the heat 
generated by tho crushing of coal, and he states, ‘A fragment of average 
Bituminous coal l/300th inch m diameter, if suddenly produced by crushing, 
will, m the midst of similarly conditioned particles, obtain a temperature rise 
of 62°P If the waste in which the crush takes place has a temperature of 
76°F , this particle will thus be raised, practically instantaneously, to a tempera¬ 
ture of 127°F. Under the same conditions a fragment l/100th inoh across will 
attain a temperature of about 92°F * 

The heat generated accumulates in the small coal produced and as the 
temperature increases the affinity for oxygen increases, until the temperature 
of ignition is reached The most important factor in the crushing of pillare is 
the small ooal produoed which is so much more susceptible to oxidation than 
ooarse coal 

3 The nature of adjoining strata 

Spontaneous combustion is greatly influenced by the capacities of various 
strata for conducting heat Ordinary shale, still air and coal are bad conductors 
of heat, while sandstone is a good conductor. Herschel and Lebour 
(Transactions of the Institute of Mining Engineers , Volume LXIV, 1922-1923, 
Bnggs, Spontaneous Combustion, initiated by crushing) show that ordinary 


Transactions of the Mining and Geological Institute of India, Volume XXV. 




460 


W XIBBY ' SPONTANEOUS HEATING IN GOAL MINES 


coal measure shale is not such a good conductor of heat as ooal (unspecified) 
and that soft sandstone is twice and hard sandstone three times as good a 
conductor as coal 

These differing conductivities have an important influence on spontaneous 
heating Take for example the 3-ft shale roof, which is of a carbonaceous 
nature, above No 16 seam m the Bararee-Bhulanbarari area It is very 
probable that this shale has contributed greatly to the initiation of spontaneous 
heating m some instances There is also the 7 -ft ‘parting’ between Nos 16 
and 14-A seams. Then there are the shales, chiefly of a carbonaceous nature, 
between Nos 14 and 13 seams At Gopalichuck this ‘ parting ’ vanes from 3'-14' 
At Ekra it thins out to about 6', combined with a 2-ft sandstone band At 
Mudidih it thickens up to 14 feet 

I quote these examples to indicate that seams with adjoining beds of 
shale should be treated with suspicion For instance, if No 16 Beam is being 
depillared and as much coal as possible has been extracted, there is the 3-ft. 
shale roof which is always a potential danger Accumulated masses of fallen 
shale roof may he in the goaves for months, covenng small ooal, which readily 
oxidises The shale being a poor conductor of heat will not allow the heat 
produced by the oxidation to be dissipated, as it is generated, which results in 
the shale and coal reaching the temperature of ignition Analogous condi¬ 
tions exist whore there are contiguous seams with ‘partings’, consisting chiefly 
of shales On the other hand if the adjoining strata are sandstones, there is 
not the same tendency for the heat to be retamed, as the sandstones are 
comparatively good conductors of heat 

At two mines where fires have occurred m the goaves of No 14 seam, the 
shales between Nos 14 and 13 seams have fired on the surfaoe when thrown 
on the ‘spoil heap’, indicating that they are liable to self-heating due to their 
carbonaceous nature. I am of the opinion, therefore, that many of the shales 
m the Jhana coalfield have played a considerable part in the development 
of spontaneous heating due to their insulating properties and their 
composition. 

4. Depth of the coal seams. 

The greater the depth of the coal seams the greater is the liability to 
crush and form small coal due to the pressure of the superincumbent strata. 
Even where pillars of adequate size are left for the particular depth worked 
the coal may be of a finable nature and ‘shedding’ may take plaoe, resulting 
in the gradual deterioration of the pillars. At great depths where there are 
extensive workings there may be difficulty in adequately ventilating the 
workings so that heat created by crushing or goafing operations may not be 
readily dissipated 

A detailed study of the physical conditions prevailing in ooal is 
essential when considering the causes of spontaneous oombustion underground, 
and the means to be adopted to prevent these spontaneous heatings. 



FIRES AND IGNITION IN MINES 


By E B. Park* 

The heading of this paper covers a wide field, embracing as it does cases 
of spontaneous heating without actual fire, blazing fire, which may be due to 
spontaneous heating or to some mechanical or electrical cause, ignition of 
gas with subsequent flame but practically no explosion and ignition of gas 
or coal dust with a moro or less severe explosion 

Spontaneous heating —This is quite a common occurrence in coal mining 
operations although it is one of the things which the Mimng Engineer takes 
the greatest precautions to prevent 

Cause of heating —Coal in its natural state always absorbs oxygen and m 
doing so a certain amount of heat is generated, unfortunately coal is a very 
bad conductor of hoat and the heat thus formed is not easily dissipated, with 
the result that the temperature rises and this is immediately followed by an 
increase of the rate of oxidation thus producing more heat until finally ignition 
temperature is reached 

Liability to heating of different seams —Different scams of coal vary greatly 
m their liability to spontaneous hoating and this is chiefly duo to two causes 
(a) the thickness of the seam and (6) the physical constituents of the coal 
(a) It is a woll-known fact that in thm seams 4'-0' thick or less, spontaneous 
heating is very rare indeed, this is of course to be expected as tho heat generated 
by the oxidation of the coal is dissipated through tho roof and floor of the soam 
and also there is not tho same quantity of coal lost m mining operations as 
there is in a thicker seam. (6) Coal consists of 4 physical constituents—Clarain, 
Duram, Vitrarn, and Fusam—and of these four constituents it is the last, Fusam, 
which is primarily responsible for the spontaneous heatmg as it absorbs oxygen 
far more readily than any of the other three constituents In addition to its 
affinity for oxygen the Fusam in a coal seam also tends to create spontaneous 
heatmg because it is the softest part of the coal and coal with much Fusam 
in it is softer and therefore more liable to disintegrate than coal which has 
little of this constituent, e g , Anthracite which contains no Fusam is not 
liable to spontaneous combustion at all, this disintegration of the coal exposes 
more coal surface to the air and therefore the rate of oxidation of the ooal 
increases. 

One other factor which has a definite bearing on the liability of a coal 
seam to spontaneous heatmg is the nature of the floor and roof* if the floor 
and roof are composed of sandstone or some similar rook which is a good 
conductor of heat there is definitely less likelihood of spontaneous heating 


* Loyabad Colliery, Manbhum. 
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than there is if they are composed of shaly material which is a bad conductor 
of heat 

Rate of progress of spontaneous heating —The rate of progress of a 
spontaneous heating until it becomes a blazing fire vanes considerably 
depending on several factors (a) the degree of spontaneous combustibility 
of the particular seam, (b) the amount of the coal concerned in the heating, 
(c) the state of dismtegration of the coal, (d) the amount of oxygen that is 
available for the coal to absorb, e g , there is more likelihood of heating 
developing in a seam which requires a high watergauge to ventilate it than 
in one with a low watergauge, other things being equal 

As spontaneous heatmg starts and developes m a mine it produces 
effects which enable an experienced mining man to detect it m most cases 
before it becomes a blazing fire, although in cases where oxidation is very 
rapid this is not always so. 

The definite stages of a heating can be classified under the following 
headings 


1st stage " Sweating, or deposition of moisture on the 

roof, sides, etc 

2nd „ ‘ Gob stink ’ smell produced 

3rd „ Paraffin or petrol smell produced 

4th „ Burnt tar smell produced 

6th „ Smoke appears 

6th „ Flame visible 


‘Gob stink’ so called because heating usually occur in the goaf or ‘Gob’ 
has a very distinctive odour and an experienced man can detect the very faintest 
traoe of it by his sonso of smell and if even the faintest trace is detected it is 
absolutely infallible proof that a heatmg is starting It is safe to say that 
over ninety per cent of fires in mines that are caused by spontaneous heatmg 
are discovered by some one detecting a smell of gob-stunk in the mine, the 
remaining small percentage are exceptional cases where the air getting to the 
heating is under pressure of some kind and development of the heating is so 
rapid that when it is discovered it has already reached one of the more advanoed 
stages outlined above 

Other fires tn mines —Fires other than those caused by spontaneous com¬ 
bustion may be initiated in a variety of ways which it is convenient to classify 
as' Mechanical ’ and * Electrical ’ 

Mechanical initiation of fires —In the majority of oases this class of fires is 
caused by some kind of mechanical friction which continues over a period of 
time until sufficient heat is generated to set alight any combustible material 
whioh may be near at hand The most common instances are the rubbing of 
a continuously running endless haulage rope on a defective pully whioh has 
oeased to revolve or on some obstruction such as a sleeper whioh has got out of 
position, the rubbing of a steel jigger face oonveyor on timber due to the 





E B PARK ' FIRES AND IGNITION IN JUNES 


463 


conveyor being improperly built up or having been pushed out of alignment by 
shot-firing or some other cause, to the rubbing of an endless belt conveyor on 
part of the steel framework which has got out of alignment or been damaged, 
or on some projecting pieoe of wood which is fouling the conveyor, again if a 
belt conveyor is badly overloaded the belt may be continually slipping on the 
driving drums and eventually generate so much heat that if there happens to 
be any very inflammable substance close to it this is set alight 

Other causes of initiation of fire which come under this heading are 
defective or damaged safety lamps or of course m open-light mines the naked 
lights used by the miners Actually a defective safety lamp is not likely to 
cause a fire in a mine unless it is in a place whore there is some gas, in which 
case it may ignite the gas and cause a fire or an explosion, but there have 
been cases when minors’ clothes have been hung over a safety lamp with the 
result that the latter has become red-hot and set the clothes alight, though 
this is an extremely rare occurrence 

Electncal imitation of fires —The initiation of fires by olectnoity without 
the presence of either gas or coal dust is uncommon because if there is a defect 
in the electncal apparatus and a flash occurs this is of Buch a short duration 
that it must be m contact with something that is very inflammable for a fire 
to be started; the usual medium of propagation of the flame is either oil or 
oily waste or rags which have been left lying about near to the electncal 
apparatus by some negligent attendant and it is most essential that where 
there is electncal apparatus m a mme the place in which this apparatus is 
housed shall be kept as clean as possible 

An occasional source of senous trouble in this way is a transformer and 
in this case there is always oil in the transformer itself, this is set alight and 
causes an alarming fire, when transformers are in use underground they 
should be kept in a completely non-inflammable house and no inflammable 
matenal must be kept in the Bame house 

Another occasional source of an electncal fire is a defective cable which 
bursts, this is always due either to senous overloading of the cable or to some 
meohamcal damage which causes the insulation to break down, the flash 
that occurs will sometimes set fire to the paper insulation in the oable and 
thus initiate a fire especially if, as is quite a common practice m this country, 
the cable is supported on wooden pegs let into the coal sides of the roadway, 
these pegs often get very dry and readily propagate the flame onoe it has 
started and if they become properly alight and no one discovers the fact there 
is every likelihood of a senous fire occurring 

Open-light mines —In mines where safety lamps are not used the ordinary 
lamps carried by the workmen are in themselves an obvious danger as they 
are liable to set alight any dry inflammable matenal with which they come 
m contact and it is really rather surprising that cases of initiation of fires are 
not more numerous than they actually are in these mines; the saving factor 
really is that in the majonty of mines where no CH* is found, and therefore 
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open lights can be used, there is more or less peroolation of water through* 
out the mine and the damp atmosphere renders anything m the mine far 
less susceptible to ignition than it otherwise would be. 

It is an old saying m the mining world that you do not usually get major 
trouble from ‘gas’ and ‘water’ in the same colliery but that you are very 
lucky if you have not trouble from either one or the other; it is this water 
in the non-gassy mines which is the great safeguard against fires being caused 
by the open lights 


Ignition of Gas and Coal Dust 

Ignition of gas —Ignition of gas (CH 4 ) can occur m a mine either with 
or without a more or less violent explosion It is a well-known property of 
CH 4 that it is only explosive botwoon the limits of a 4-5% and 13 5% mixture 
with air, and it is not uncommon for an accumulation of gas to be ignited in 
a mine without causing an explosion at all, this is I think usually the case 
when an ignition of gas occurs in an open-light mine as in these mstanoes 
there is almost always just an isolated pocket of gas m a certain part of the 
working but nothing at all m the general body of the air, with the result that 
if some source of ignition such as an open light comes m contact with the 
gas the latter just bursts into flame and burns itself out without causing an 
explosion, the classical example of this kind of ignition was the oustom that 
was prevalent in the old days whon a miner before starting work deliberately 
used to light up the gas in his working placo by holding his open light above 
his head while he himself crouched down and allowed the flame to pass over 
him, this removed any accumulation of gas and he could then oarry on with 
his work without fear of further ignition as tho movement of himself and his 
mates was sufficient to cause any gas which was given off to become mixed 
with the air and carried away 

Now-a-days when the majonty of nunes are rather deep and liable to gas 
it is essential to have a system of mechanical ventilation by means of some 
kind of fan, in order to keep the working places clear, and it is unusual to 
find large isolated pockets of gas as it is diluted by the air as it is given off 
from the strata, but what usually ooours to cause an ignition is that 
through some cause the ventilating system fails for a oertain part of the 
workings either through breakdown of the ventilator or more usually through 
the am being allowed to short circuit owing to some separation doors having 
been left open or broken, and m this case the whole body of air m a district, 
or at least a large part of it, becomes charged with the gas to Such an extent 
that it is an explosive mixture, in these circumstances should any source of 
ignition be present a serious explosion of gas occurs 

The most common causes of ignition of gas m a safety lamp mine are: 
(1) fires or spontaneous heating, (2) shot-firing, (3) electricity, (4) defective 
safety lamps 
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Ignition by fires or spontaneous heating —This is the most common and 
is liable to occur at any time when a heating or fire is being sealed off, there 
is always production of gas when coal is distilled by heat and as the area is 
sealed off the ventilation into the area is gradually reduoed with the result 
that an explosive mixture may be formed and of course if this comes m contact 
with the heating or fire an explosion ooours 

Ignition by shot-finng —Where shot-firing is done m a mine in whioh gas 
is found there is always a risk of an explosion because although the law insists 
on all possible safeguards being taken, such as only permitting the use of 
specially tested explosives, making the use of stone dust compulsory, pro¬ 
hibiting the firing of shots if any gas at all can be detected, encouraging the 
use of sheathed explosives and in various other ways, yet there is always the 
personal element present and a little slackness or fool-hardiness on the part of 
the shot-firer is liable to cause an explosion, for instance an improperly placed 
shot-hole or too large a charge in a hole will result in a blown-out shot pro¬ 
ducing flame and if the shot-firer has omitted to test for gas the result is an 
explosion, or agam in firing m stone rippmgs in roadways behind a Longwall 
face if a break m the stone crosses the shot-hole and connects with the goaf the 
flame from the shot may ignite gas in the crack and cause an explosion of gas 
m the goaf 

Ignition by electricity —As with shot-finng, so with electnoity, it is always 
a potential source of danger in a gassy mine, because although the Electnoal 
Engineers tell us that with really up-to-date protective devices and modern 
plant there should be no danger of an explosion, yet the fact remains that 
those protective devices again depend for their efficacy on the human element 
in setting them and keeping them in perfect adjustment and the human element 
is always liable to be at fault, especially in the dark conditions prevailing in 
a ooal mine 

Practically speaking any piece of electrical machinery, even when of the 
so-called ‘flame-proof ’ type, may cause an explosion either because of negligence 
on the part of some electrician who has been examining or repairing it and 
who in putting it together agam has not done so properly so that although it 
works quite satisfactorily it is no longer ‘flame-proof’, or because it has been 
damaged m some way by a fall of stone or coal or by a derailed set of tubs. 
Instances are on record when even cables whioh have been damaged or over¬ 
loaded have burst and started a fire It is of course needless to say that if 
there is any gas present when a spark or flame ooours from the eleotrioal 
machinery it ignites at once and either explodes or bums according to the 
percentage present in the atmosphere. 

An extremely good example of the oiroumstanoes in whioh ignition by 
electnoity may take place occurred a few years ago when an in-bye auxiliary 
fan was shut down for a short time for repairs, after the repairs had been effected 
the switch was put in to re-start the fen, this sparked and an explosion occurred 
falling the men who were there. The stopping of the auxiliary fen had caused 
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the ventilation m that particular part of the pit to be reduced with the result 
that the normal emission of CH 4 from the district was not sufficiently diluted 
by air and an explosive mixture was formed 

Igmtton of cod dust —It is of course a well-known fact now-a-days that 
dry coal dust, if in a sufficiently fine state of sub-division, is extremely explosive 
and m all countries where the coal mines are dry and dusty extensive pre¬ 
cautions are taken to minimise tho danger of explosions from this source by 
spraying water or spreading inert stone dust around the galleries of the mine 
where the coal dust collects, an explosion of coal dust is almost always far 
more violent and destructive than an explosion of gas alone and m faot practi¬ 
cally all the really major explosions in coal mines have been coal dust 
explosions 

In order to have a coal dust explosion it is necessary for the coal dust 
first to be raised up in a cloud and well mixed with the air and then, while 
in this state, for some souroe of ignition to be applied to it The most usual 
cause of an ignition of coal duBt is by a previous ignition and explosion of 
gas as this provides the necessary violence to raise the dust in suspension 
in the air, and also the flame to ignite it, it is a faot that the great majority 
of coal duBt explosions are caused by a previous small gas explosion 

It is possible however for coal dust to be ignited without a gas explosion, 
e g , a blown-out shot may do it or some unusual occurrence such as happened 
not so very long ago when a set of loaded tubs broke away and after gathering 
speed piled up at a bend in the roadway where there was an electric cable, 
the coal m the tubs was tipped out by the crash and of course the fine dust 
rose m a cloud, at the same time the cable was broken and it emitted a flash 
which started an explosion This is an extremely unusual combination of 
events but things like this do happen and are of course extremely difficult to 
guard against 



STORAGE OF COAL 


By E R Gee, M A , (Cantab ),F 0 8 , Geological Survey of India 

The main interest in the question of storage of coal lies m the fact that coals, 
particularly those of low rank—bituminous, sub-bituminous and lignitic— 
are liable to spontaneous combustion and also to deterioration both m their 
calorific values and coking propensities This is due to the fact that ooals, 
especially the types mentioned above, absorb oxygen slowly and in the process, 
as a result of chemical reactions, heat is generated 

Formerly it was supposed that this generation of heat was due to the 
oxidation of iron pyrites in the coal and mineral matter and that the latter 
reaction was responsible for spontaneous combustion Although the possibility 
of the effect of this reaction cannot be overlooked in those cases where pyrites 
occurs m a relatively large proportion and m a finely divided state, yet it can 
scaroely explain the liability to spontaneous ignition in the case of many coals 
that are known to be low in that mineral, including many of the Gondwana 
coals of India The alternative explanation appears definitely more reasonable 
and is doubtless the mam factor involved 

In the case of Indian coals, the tendency to spontaneous ignition is 
apparently relatively greater in the case of the Raniganj, high moisture coals, 
than with the Barakar, low moisture seams 

Although we are not yet m a position to speak with any degree of certainty 
on the question of the particular chemical reactions that take place gradually 
m the coal substance during the matunng of a coal seam, yet it appears that, 
while being transformed from lignites into sub-bituminous and bituminous 
types, certain complex chemical substances, which are particularly reactive 
to oxygen, are formed Further chemical change, into high rank bituminous 
ooals with strongly caking propensities, apparently results in the conversion 
of these reactive elements into more stable substances and the change towards 
anthraoitisation renders the coal still further immune to oxidation 

Thus we find that the low moisture, well-matured bituminous ooals of 
the Barakar measures of the Jhana, Gindih and Raniganj fields are much less 
liable to spontaneous oombustion than the higher moisture, less matured, 
bituminous and sub-bituminous seams of the Barakar measures of other 
fields and of the Raniganj ooal measures 

Relatively high moisture appears to be floated to the question of spon¬ 
taneous ignition only indirectly owing to the circumstance that the state of 
maturity attained by these sub-bituminous and low rank bituminous coals 
corresponds with an appreciable moisture content. 
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In connection with the question of spontaneous ignition in ships' cargoes, 
the data collected by two Commissions in Wales indicate that, apart from 
the ohemioal nature of the coal itself, fires may be expeoted to increase.— 

( 1 ) pan passu with the tonnage of the cargo and the temperature at 
which it is loaded, 

(n) with the fineness of division of the coal, and 
(m) with only slight ventilation during the voyage. 

Also, the Commissions failed to find a single undoubted case of a 
spontaneous fire in a coal cargo having originated in any other place than 
under the hatohways, from which it follows that a heap of dust under the 
hatohways should be avoided 

The question of the liability to spontaneous oombustion in Indian coals 
and of storage, particularly when in a finely ground state, is important in 
relation to washing and to their use as pulverised fuel Regarding pulverised 
fuel, it would obviously be dangerous to store large quantities of the high volatile 
Ramganj coals for prolonged periods, and the direct fixing system in whioh 
the pulverising mill and the burner is a self-contained unit may be preferable 
in many instances to the oentral grinding system which entails storage. 



INDIAN EXPORT TRADE IN COAL 


By C A. Innes * 

It may be advisable to clear up at the outset of this article any possible 
oonfusion of thought regarding the coal shipment business, which is fairly 
substantial, and the coal export trade proper, which up till recently has been 
small In a country so large and also having so long a sea-board as India, 
and m view of the fact that tho major coalfields are within a short distance of 
a large port, Calcutta, it becomes economical to route coal by sea and not 
by rail for the requirements of ports, and, in many cases, of tho hinterland 
behind those ports The reason for this is that carnage by sea is cheaper 
than oamage by land The coal therefore lor many of India’s industrial 
concerns is supplied by ship from Calcutta, and among these may be mentioned 
the cotton mills of Bombay, tho various railways m Kathiawar States, cement 
factones on the West Coast of India, and steamers’ bunkers and harbour board 
requirements in nearly all India’s ports 

This business is generally referred to as the coastwise trade, and may be 
said normally to total, between Indian ports and excluding Burma, a million 
tons per annum 

Shipments to Burmese ports were included m it prior to the year 1936, 
the year m which Burma was separated Irom India, but such shipments should 
now be classed as true exports, and are so classed in the statistics issued by 
Government In order however that the comparative figures given later may 
present a true picture, Burma has been regarded for the purposes of this 
article as a separate entity, and considered briefly ‘in vacuo’. 

Burma’s annual consumption of coal is approximately 5} lakhs tons, 
of which praotioally all is supplied from India, though metallurgical coke 
for the Burma Corporation is bought from the U K and from Africa as well 
as from India. The biggest buyers of coal are the Burma Railways, and the 
Irrawaddy Flotilla Co who operate a large fleet of river steamers on the 
waterways which constitute the country’s highways. There is also a big 
bunkering business in Rangoon, mostly confined to the steamers of the BI. 
and Soindia. Competition from coals from Africa and other countries is but 
little felt, but wood and paddy husk are serious rivals to coal, and it is dis¬ 
appointing that the total exports from India of coal for the whole of Burma 
are not much more than half a million tons annually. 

Turning now to the markets which have always been regarded as export 
markets, we may classify them under four heads; Ceylon, The Straits, whioh 
includes Singapore, Penang, Port Swettenham, Sabang Bay and rarely, 
Bangkok, the Far East comprising Manila and the Chinese ports; and Aden 
and ports west of India. These markets in the year 1920 took about 1$ million 
* Messrs. Andrew Yule k Oo., Ltd. 
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tons of Indian ooal, but only just over a quarter of million tons the following 
year, and a mere 77,000 tons the year after So remarkable a change in such 
a short time oould hardly come about through natural causes, and the cause 
actually was artificial, an embargo which the Government of India placed at 
that tune upon the export of coal This embargo was considered to be 
necessary in the interest of Indian industries, as there was a serious shortage 
of railway wagons and available wagons had to be utilised for the internal 
trade, but there can be no doubt that it proved singularly unfortunate for the 
ooal industry, which was thus suddenly deprived of a valuable market 

When an import business which has been satisfactorily established 
is suddenly destroyed by the cessation of supplies, the importer is likely to 
turn elsewhere for the new connections which he has to make, and the door of 
markets previously held by India was thus opened to the coal exporters of 
South Africa and Japan It so happened that South Africa was at that 
precise moment considering how her coal trade might be exjianded, and Bhe 
was quick to seize her opportunity Substantial concessions in rail freight 
from colliery to port were granted to coal for export, and she soon succeeded 
in building up a large coal export trade, which at times has even encroached 
upon Indian coal in the ports of Western India Japanese coal, aided by 
certain favourable steamer freight conditions, had already penetrated as far 
westwards as Singapore, and was able to enlarge its interests on the withdrawal 
of Indian ooal 

The Government of Lidia then made an effort to retrieve the position 
They appointed, in September 1924, the Indian Coal Committee to enquire 
what measures could be taken by Government, by the coal trade, by the 
railways, and by the ports, to stimulate the export of suitable coal from Calcutta 
to Indian and foreign ports The institution of the Coal Grading Board and 
concessions in railfreight and port charges on coal for shipment resulted from 
the recommendations of this Committee, and have been of much benefit to 
the ooal industry, but this benefit has proved in practioe to be principally 
m the direction of helping the industry to withstand competition from foreign 
coals at Indian and Burmese ports, and the assistance given was not sufficient 
to enable the export trade to recapture its lost markets 

The cost of transport bulks largely m the prioe of ooal c l f. destination 
port, and the comparative figures of distances from oolhery to exporting 
port, and from exporting port to destination port, show that geographically 
speaking both Colombo and Singapore should be India’s markets The 
difficulty of re-entenng them has lam m the difficulty of dispossessing established 
connections, and, to a lesser extent probably, in the fact that the reputation 
of Indian ooal for quality has suffered as the result of poor grade shipments 
made pnor to the creation of the Coal Grading Board The Indian ooal 
industry has however always hoped and felt that one day India would get 
back her markets, and "that this extra million tons of business would help to 
rectify the state of overproduction in the industry. 
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In 1936 further assistance was forthcoming. Strong representations 
from the Indian Minin g Association to the Railway Board and the Calcutta 
Port Commissioners were rewarded by the grant of a special rebate in rail- 
freight and port terminal charges of eight annas per ton on coal for export 
Immediately the Ceylon Government Railway oontraot was secured by India 
against competition from South Africa, holder of the contract, and this 
important contract, 1} lakhs tons annually, has remained with India ever 
since Exports, which were only a little over 2 lakhs tons m 1935 and approxi¬ 
mately the same m 1936, jumped to nearly 4} lakhs tons m 1937 and nearly 
7f lakhs tons in 1938 for the first six months of 1939 they have been nearly 
five lakhs tons The assistance given came at the right moment as Africa 
towards the end of 1936 found herself so short of coal as to necessitate the 
restriction of exports, thus affording to India an opportunity similar to that 
afforded to Africa in 1922 

The considerable increase in exports in 1938 is attributable to the Sino- 
Japanese conflict, which has put the Chinese coal industry out of gear 
Competition m this China business is keen, as Japan, America and Africa as 
well as India are out for a share of it, and the business is therefore not very 
remunerative, but it constitutes a valuable offtake which has played an 
important part m supporting the price of good quality coal for other business 
How long this business will continue is however problematical, it requires 
waters that are stormy, but not too stormy; it is likely to cease soon after the 
coming of peace to China, and is also likely to be curtailed by the slump in 
the Chinese dollar or by a Japanese blockade. With its cessation, any hope 
of maintaining the annual exports of Indian coal near the million tons mark 
also ceases 

It does appear however that even then an average export of between four 
and five lakhs tons may reasonably be expected During the three years 
since the grant of the eight-anna rebate India has been able to consolidate 
her position in Ceylon, and to improve it in the Straits, Sabang and probably 
Manila, and the qualities of Dishergarh Seam Coal as a gas coal have reoeived 
wider recognition, than was previously the case Exports in 1937 approached 
the five lakhs tons mark, with practically no business forthcoming from China, 
and it seems therefore likely that this figure can be maintained after the 
China business ceases. In this connection it is interesting to note that the 
Committee of the Indian Mining Association, when addressing the Railway 
Board in 1936 to ask for the special export rebate of eight annas, stated that 
they hoped this would result in an extra three lakhs tons of export business, 
from which it appears that they then visualised a potential export trade of 
about half a million tons annually. 

The figures of shipments to the respective export markets since 1986 may 
be found interesting; they are as follows:— 
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1936 

1937 

1938 

Jan.-June 

1939 

Ceylon 

1,62,040 

3,69,280 

2,72,614 

1,62,230 

Straits 

33,383 

66,777 

30,747 

61,200 

Far East 

12,631 

7,628 

4,61,690 

2,64,201 

Aden and other Ports . 

3,317 

26,766 

3,362 

20 


No account of the export trade would be complete without a reference to 
the work done for it by the Coal Grading Board The Board may be said to 
have regularised the shipment business, and the following tribute was paid 
to it in 1037 by the Committee of the Indian Mining Association in their 
memorandum on the Report of the Coal Mining Committee — 

‘The primary function of the Grading Board is to further the Indian coal 
export trade and protect the interests, m respect of shipment coal, of such 
buyers as are otherwise unrepresented m India by seeing that the quality of 
coal shipped is that which the buyer has bought and that the standard of 
loadings is maintained at the correct level. The work of the Board has resulted 
in the standard both of picking and screening for shipment coal being given 
most careful attention at oolhenes, which is undoubtedly a sound, if unob¬ 
trusive, form of advertisement for Indian coal Further, the Grading Board 
classifications are now known in export markets where Indian coal is sold, 
and furnish a satisfactory basis for transactions We consider therefore 
that the work which the Board has done and is still doing for the coal shipment 
trade is of great value-.’ 

In conclusion, various benefits which interests other than the coal industry 
derive from the export trade m coal may be mentioned. It contributes towards 
India’s favourable trade balance It brings additional traffio to the Railways 
and the Telegraphs. It brings ships into Calcutta to lift the coal, which is a 
bulk commodity, and these ships, as well as bringing revenue to the Port and 
business to Banks, brokers, stevedores, ship-chandlers and others, pay inoome 
tax on their profits. It increases employment In short, it means to the 
country the advantages attendant upon a bigger export trade. 


I IB 



THE MARKETING OF COAL IN INDIA 
By C. A lenras.* 

Before coal can be put on the market, it has to be prepared for it, as 
different sizes are required for different purposes, whereas the coal as it comes 
up from the pit is usually a mixture of lumps and smalls, and also sometimes 
contains stone from the roof or from bands within the coal Well-equipped 
collieries therefore have mechanical screening and picking plants, on to which 
the coal is dumped from the tubs as they come up from underground, is sized 
by being passed through perforated screens, and is cleaned by the picking out 
of impurities by hand as it passes along the pioking belt. It is then usually 
loaded into railway wagons direct from the plant 

The sizes recognised in India have been defined by the Indian Mining 
Association, in 1932, as follows.— 

Class. Coal 

1 Steam Coal Coal of a size larger than will pass through 

a 1' diameter round hole. 

2 Export Steam Coal Coal of a size larger than will pass 

through a 2* diameter round hole. 

3 Slack The undersized product separated from 

steam ooal 

4 Rubble V-l' 

5. Small Rubble or Nut 

Coal . . 

6 Smithy Coal or Beans 

7 Small Smithy or Peas 

8 Dust .. .. Coal passed through a §' screen. 

9 Run of Mine or Sapta The ooal mixtures as mined. 

In actual practice, however, few collieries can handle large orders for classes 
5,6 and 7, and contracts for rubble coal usually call for ooal of size f' to 1$*. 

These different sizes serve different purposes m oombustion, and though 
no hard-and-fast rule regarding suitability can be laid down, a very wide 
classification might be: 

Steam Coal .. . Loco, Bunkers, Domestic and some types 

of stationary boilers. 

Slack Coal .. .. Boilers with chain grate stokers, ooke 

making oement kilns and bnck burning. 

Rubble Coal .. .. Certain types of mechanical stokers, gas 

producers and forges. 

Dust Coal .. .. Bnck burning. 

Run of Mine .. .. Stationary hand-fired boilers generally. 

* Messrs. Andrew Yuis it Oo., Ltd. 
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So far as cleaning coal us concerned, picking is about all that is done 
in that direction in India, though in other countries washing is oommonly 
practised m order to remove dross Coal companies in India have hitherto 
had little encouragement from consumers to mstal expensive plants to improve 
the quality of their coal, as price is genorally held to be of paramount 
importance in purchasing and the resultant very low avorago pitsmouth pnoe 
of the past fifteen years or so m India—probably the lowest in the world—has 
not permitted the introduction of novel refinements This is a pity, as the 
long haulages and consequent heavy freight charges prevalent in India should 
encourage coal cleaning in order to minimise the amount of freight paid on 
dross, but the fact is that any industry, such as the coal industry in India, 
whose normal state is one of chrome depression, is disinclined to launch out 
into heavy expenditure which must increase costs when there is no certainty 
that buyers will be prompt to recognise and pay for the benefit they derive 
from it 

The pnncipal consumers in India are, according to ‘Indian Coal Statistics, 
1937’ 

The Railways with 32 9% of the total consumption 
The Iron, Steel and Engineering Industries with 24 8% 

Cotton Mills with 7 1% 

No other industry exceeds 4% of tho total 

The biggest consumers, the Railways, are also the biggost producers of 
coal m the country, having large and well-developed collieries of their own. 
This dual role is largely responsible, in the opinion of the coal industry, for 
the poor pnoe realised by coal in India, sinco the Railways as consumers 
naturally prefer prices to be low, and as producers can influence this to some 
extent by altering their ratio of coal purchased to coal produced, thus dis¬ 
turbing any equihbnum which there may be between demand and supply 
The Iron and Steel Companies also have their own oollienes but both their 
coal purchases and their coal production are on a lesser scale than those of the 
Railways and cannot therefore oxercise quite the same effect on the market 

The system of distribution m India as between produoer, middleman and 
consumer conforms to no rules Collieries which are grouped together under 
the aegis of a firm of Managing Agents have the advantage of a selling organisa¬ 
tion which oovers a wide field, both inland and abroad Such groups quote 
direct against most of tho important tenders and to many of the big con¬ 
sumers, operate through agents and middlemen who may or may not be 
monopoly holders in certain areas, and also do business through brokers. 

The function of the agent who, working on a commission basis, exploits 
a territory and often holds stocks on consignment for his principals is an 
essential one, but there is less to be said for the employment of middlemen 
who buy and re-sell. Their chief value is that they take the financial risk of 
giving credit to small consumers, their disadvantage is that they create extra 



0 A INNES THE MARKETING OF GOAL IN INDIA 


466 


competition at the expense of the produoer Further, many of these middlemen 
aotually own collieries themselves, thus creating a situation which seems 
somewhat anomalous, in now of the virtual impossibility of avoiding a 
divergence of interests on occasions 

The small individual collieries which cannot afford an adequate selling 
organisation are dependent partly on brokers and partly on what share they 
get of the Railways’ contracts, the coal industry’s annual Luoky Dip Tenders 
foi the requirements of the Railways from the market, usually about 3} million 
tons, are called for in a lump in November or December A Railway order 
may mean to a small colliery the difference between working or closing for 
the coming year, and as there is no second chance once tenders are decided, 
competition is naturally keen, and this system of purchase is well adapted 
to take the maximum advantage of any weakness which there may be in the 
market 

The policy of the Railway Board appears to have been for some years 
past to buy cheap inferior quality coal for the requirements of the State 
Railways, this policy is helpful to the small colliery inasmuch as most of the 
good quality coal is mined by the big colliery groups under Managing Agents 
and the poorer quality coal by the smaller independent collieries, and it has 
been followed so consistently that there is now an unusually marked cleavage 
in price between the two types of coals, sinoe there no longer seems to be any 
point m cutting the price of good quality coals m the Railways’ tender to try 
for business which almost certainly will not be forthcoming It is too early 
to say yet whether this moans that producers of good quality coal are on the 
verge of freeing themselves from the bugbear of the Railways’ tender, but the 
outlook appears hopeful, and this would certainly be conducive to the stabilisa¬ 
tion of prices in the coal industry. It is time that the pohoy of forcing raisings 
to lessen costs in order to keep paoe with falling selling pnoes gave way to a 
policy of maintaining selling prices by a controlled production, and that 
producers of good quality coal learn to put price first and volume of business 
second 




SOME PROBLEMS OF INDIAN COAL. 

By Ambit Lal Ojha, M I.M E , F R.S A (Land.). 

Little publio attention has so far been focussed on India ns importance 
as a producer of ooal, for which her position among the ooal-producing 
countries is apt to be underrated There is besides a paucity of literature 
on Indian coal Though India’s average production stands between twenty 
to twenty-five million tons out of the world’s total average of twelve hundred 
to fourteen hundred million tons, it is interesting to note that as a ooal- 
producing country India stands second only to Great Britain m the British 
Empire and ranks ninth m the whole world. Besides being the chief fuel 
for numerous industries and domestic purposes the potentiality of coal as an 
important raw material for chemical industries has been in increasing evidence 
in recent times The National Institute of Sciences is to be congratulated on 
the timely endeavour to present to the public a comprehensive literature on 
coal dealing with its various tech meal and commercial aspects On the land 
request from the Convenor, Dr C S Fox, I have decided to discuss m the 
following pages, only a few problems relating to Indian ooal, leaving other 
topics on its trade and teohmque for more competent authorities to deal with 
The points I proceed to take up are (a) Railways and coal, (6) competitive 
conditions in the coal trade, (c) marketing of ooal, and ( d) the problem of 
conservation 


(a) Railways and Coal 

The histone relation between Railways and Indian ooal is significant 
from many points of view It was the extension of the Railways to Ramganj 
that led to the rapid development of the coal industry The beginning of 
the coal industry dates back to 1774 But its growing importance began from 
the year 1888 when the East Indian Railway first opened its line up to 
Ramganj Before the advent of Railways there were serious transport 
difficulties and so the development of the ooal industry was rather slow 

Besides being responsible for developing the industry the Railways in 
India have, for some years past, been the principal determinant of the nature 
and extent of the trade in ooal The ownership and management of ooQienes 
by the Railways themselves forms a long-standing controversy. In 1871, the 
East Indian Railway acquired large tracts of ooal-bearing lands at Gindih 
for the purpose of raising coal for its own use At present, all the important 
Railways have got their own oolhenes. It is no doubt true that as a public 
utility ooncem Railways must be assured of continuity of supply of ooal 
at a fairly steady prioe. It is also argued that the Railways are commercial 
enterprises and they must be fine to develop their business interests and 
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devise combinations of a vertical nature if they deem it profitable But 
the principle of the State entering into direot competition with private enter¬ 
prise, purely from a commercial motive, has little justification from a social or 
economic standpoint except in a socialist regime I think there is much 
to be said in favour of a scheme of wholesale nationalisation of our mining 
properties (as has been recommended by the minority of the Coal Mining 
Committee) against the present arrangement of piecemeal socialisation which 
acts as a standing menaoe to the industry It is now high time to re-open 
the question whether the Railway oollienes should be closed down The 
Coal Mining Committee also were not in favour of the proposal The best 
way in which Government can help the industry is to close down the Railway 
oollienes for a few years, particularly in penods when the ooal industry 
is in a bad way, or to work only one or two collieries and stop the rest, bo that 
the outlook of the ooal trade may be improved 

Railway tenders and the working of the freight system have no less 
influence on the coal trade Railways are the principal consumers of Indian 
ooal In 1936 they consumed 7,293,000 tons of coal or 31 9 per oent of the total, 
while in the same year they produced 2,726,000 tons of coal The internal 
price of ooal is determined chiefly by the rates obtained at Railway tenders 
and industrial concerns refuse to contract at rates higher than the rates of 
the Railway Board The Railway Board cannot be credited with exercising 
this dictatorial power with an eye to the well-being of the industry Taking 
advantage of the weak organisation of the warring coal interests the Railway 
Board’s policy has but tended to depress the price, especially m bad years 
A helpful re-onentation of the Railway Board's tender policy is a much-needed 
reform The present arrangement of State Railways buying two-thirds of 
their coal requirements from the open market should be increased by another 
million tons in order to extend appreciable relief to the ooal industry 

(b) Competitive Conditions in the Coal Trade 

Competition, which is a common economic theory, makes for efficiency and 
henoe a better trade outlook Unfortunately in the case of the ooal trade com¬ 
petition has been the potent factor in hopelessly depressing the industry m 
every way Indian ooal has to face competition both external and internal. 

(i) External competition. ** 

External competition virtually stopped our export trade in coat. The 
foreign markets have for long been the weakest spot of the Indian coal trade. 
It is here that the trade has suffered the worst vicissitudes It is true there is 
a sm a ll surplus of production over consumption in the oountry. But disposal 
of this surplus at remunerative prioes is of vital importance to the whole 
industry. During the post-war period the Government of India placed a ban 
on the export of ooal and the consequence of which was that South Africa 
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captured our eastern export markets and even to-day we have not been able 
to regam those markets Loss of the export trade affected Bengal coal most 
seriously Due to the comparatively high Railway freights on internal move¬ 
ment of coal and the increasing tendency of industrial concerns m the heart and 
further ends of the country to have their coal supplied from collieries near at 
hand, Bengal and Bihar coals have to fall back upon the export trade As for 
quality and price, Bengal and Bihar ooals enjoy definite advantage for export 
trade 

The most disquieting feature of external competition is, however, the 
advent of South African coal in the western parts of the country, especially 
in Bombay and Karachi Bombay and Karachi consume 97 per cent of 
the total quantity of the imported coal High transportation cost makes it 
unremunerative for Western Indian concerns to replace South African coal by 
Ramganj or Jhana coal Freight per ton from Raniganj to Calcutta is 
Rs 3-12-0 whereas it is Rs 12-6-0 and Rs 15 for Bombay and Karachi respec¬ 
tively The secret of the competitive strength of South African coal is that it ib 
bounty-fed Bounties are given in the shapo of Railway freights whioh have 
little relation to economic rates There are three different coal rates, one 
for internal movement, another for coal intended to be bunkered and a third, 
which is the lowest, for export of coal to countries like India, Ceylon, Sumatra, 
etc There is another important circumstance which it is difficult to provide 
against, viz coal from South Africa is earned practically as ballast 

(u) Internal competition 

In the internal market also the coal trade presents a spectacle of lack 
of organisation and cut-throat competition which entails in its train con¬ 
siderable loss of life and property Reference has already been made to 
competition from State-owned Colhenos Apart from this, the competition for 
custom that exists among collienes owned by Limited Companies and Private 
Owners beggars description Under-quoting, rate-cutting and instances of 
similar unfair devices can be multiplied Responsibility for these evils must 
be attributed to the unorganised character of the industry and the absence of a 
oentral controlling authority The three Associations that exist can have no 
concerted plan of action Opinion is irreconcilably divided even among mem¬ 
bers of the same organisation Observing this confusing phenomenon of 
competition, the coal Mining Committee very aptly remarked ‘The psychology 
of the trade is still too individualistic for concerted action even in its own 
interests*. The ooal interests themselves are no doubt mainly responsible 
for this state of things. But an impartial oritic would not let off the 
Government olean-handed I am not indulging in the too common practice of 
oritidsing the Government. But it must be admitted that Government have so 
far failed to protect the vital interests of the country connected with the 
ooal industry. Gover nment s in Great Britain, Germany, Franoe and Japan 
were fully alive to the question and exerted their authority with legal measures, 
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effecting regulation of output, allocating quotas, fixing minimum prioes, 
control of tonnage, establishing Coal Mines Board with offioial patronage, 
enforomg oompulsory co-operation among Private producers under State 
control, subsidising cartel formation and eliminating unhealthy competition 
It is mdeed a sad commentary on our Government that they were too cold to 
feel the urgency for any such initiative and that they were instrumental m 
encouraging competition and soramble The three bodies interested in the ooal 
trade of Bengal and Bihar jointly submitted a restriction scheme to the 
Government of India in 1933, which, for reasons best known to them, the 
Government did not consider it wise to accept and implement 

The jute and tea industries here are perfectly organised Sugar and 
oement have excellent marketing arrangements The ooal interests can 
profitably emulate their ideas In collaboration with the recently formed 
Stowing Board the three Associations should bring into existence a strong 
oentral organisation in the form of a oartel with necessary powers for regulating 
output, fixing quotas and minimum prices, etc , with a Marketing Board 
attaohed to it The evils of competition will be further minimised if tenders for 
Railways and other Government or semi-Government concerns are not enter¬ 
tained except from bona fide members of the Associations who are consenting 
parties to a working agreement of the nature indicated here. 

(c) Marketing of Indian Goal 

The figures of production and internal consumption of Indian ooal almost 
balance eaoh other This may lead one, unacquainted with the actual condi¬ 
tions prevailing in the coal market, to form a very happy picture of the Indian 
ooal trade. The general oonoeption that the demand for ooal is inelastio is 
apt to lend an added support to conclusions of this nature. The fact is that 
there are oertain extraneous factors seriously interfering with the market for 
Indian ooal and this is why it cannot be disposed of so easily and profitably 

A little over twenty million tons is India’s average production The 
years 1937 and 1938 were exceptional, as the production of these two years 
exoeeded twenty-two million tons. The annual consumption vanes from a little 
over nineteen million tons to twenty-two-and-a-half million tons The annual 
export averages nearly 2 lakhs of tons. The annual import is to the extent of 
seventy to eighty thousand tons—the principal souroes of import being in 
the order, South Afnca (thirty to thirty-five thousand tons), United Kingdom 
(ten to twenty thousand tons) and Australia 

(i) Export Market for Indian Coal. 

The export trade in Indian ooal assumed importance only in the five 
years ending 1900 when the average annual export figure Was 30,600 tons. 
The peak in the pre-war period was in the year 1906 when over a million tons 
were exported For the decade ending 1916 the annual export average was 
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approximately three quarters of a million tons 74,000 tons were exported 
m 1018, and 1020 saw exports mounting up to as high as 1*2 million tons 
Then came the offioial embargo whioh was not entirely removed till 1023 
With the help of the Coal Grading Board, whioh was appointed following the 
recommendations of the Indian Coal Committee, Indian coal m recent years 
has no doubt made some headway in the lost markets 

A minority of the Coal Mining Committee were definitely against 
stimulating the export trade m Indian ooal In their opinion a stimulus to 
export was not only not worth giving but it was positively detrimental to the 
country’s interest That the opinion, from a conservation point of view, is 
valuable oannot be denied. But m the present state of glut in the market with 
severe foreign competition we cannot do away with the export trade When the 
circumstances arise for a maximum utilisation of the entire ooal resouroes of the 
country with the payment of adequate prices for all grades, then and then only 
should the question of stopping export trade be considered Export may be 
stopped at any time by the simple device of cancelling the rebates. 

(ii) The Story of the Internal Market 

Nearly 98 per cent of the coal produced m India is consumed within the 
country The largest consumers are the Railways with about 33 per cent of 
the total production The next in importance are the iron, cotton, jute and 
sugar industries which consume 40 per cent altogether Inland steamers. 
Tea Gardens and Paper Mills consume 4 to 5% Other forms of industries 
and domestio consumption account for 9 to 10% Consumption at collieries 
and wastage are estimated at 10%. 

The problem of the domestio market is mainly one of finding a steady 
and eoonomio pnoe backed by unhindered movement of coal throughout 
the length and breadth of the country—free from such artificial restrictions as 
heavy freight and surcharge whioh reduce its competitive power to a con¬ 
siderable extent That the pnoe of Indian ooal dunng the preceding yean 
was exceptionally low and sometimes uneconomic no one can deny Even 
the Coal Mining Committee, who oould be little suspected of any sympathy 
for the Colliery owners, remarked ‘there seems little or no margin of profit 
m the pnces whioh most ooal of good quality has been fetching during the 
past few years ’ For 1937 the average value of coal per ton in India was 
Rs.3-2-0, whereas in Great Bntain it was Rs 10-2-0 and in Canada and South 
Africa Rs.9-5-0 and Rs 3-11-0 respectively. 

The Railway surcharge though reduced at present to 12|%, together 
with the Existing Cess, River duos, eto , is a definite handicap and specially 
shuts out Raniganj and Jhana ooal from western Indian markets. The ooal 
interests were insistent on their demand for reduction of these transport 
oharges Reoently the Chief Commissioner of Railways is reported to have 
said that reduction m the ooal freights had not been followed by any increase 
m traffio and that the proposal for the removal of surcharge would mean loss 
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of revenue of about Rs 75,00,000 A small reduotion would no doubt have 
little effect To have the desired result a substantial reduotion is necessary 
Reduotion in the freights and abolition of the surcharge, ooupled with an 
inorease m the present duty of lOas on foreign coal, should be suoh os to equalise 
pnoes of foreign and Indian ooal m all parts of the oountry Special induce¬ 
ments may also be given to md us trial establishments by reducing pro-rata 
freight and cess on inferior coal 

The threat of electricity and other cheaper substitutes make some people 
apprehend that the demand for coal will be substantially reduced in future. 
Against this we can view with confidence a still greater inorease in the demand 
for coal, possibly outstripping supply, in the coming days of progressive 
industrial activities m Tndia Coal is destined to have a bigger market not 
only as a fuel but as an important raw material for various synthetic products 
and for its numerous by-products of no less importance. 

(d) The problem of conservation 

The problem of conserving the ooal, particularly the resources in good 
quality coal, has of late become very prominent in the country on account of 
the interest taken by the Government, the public and the subsequent passing 
of the Coal Mines Safety (Stowing) Act The question of conservation first 
oame to attract the attention of the Government when Mr R R Simpson, 
the late Chief Inspector of Mines in India, declared in his presidential speech 
as President of the Mining and Geological Institute of India that ooking coal 
of good quality in India would last only for 45 years The Government of 
India were upset by this alarming statement of Mr Simpson and they requisi¬ 
tioned the services of Mr Treharne Rees, a coal expert, who was to report 
on the most economical extraction and conservation of ooal The next to 
undertake estimates of the probable reserve of ooal in India were Dr Sir Lewis 
Fermor and Dr C S Fox, both of the Geological Survey Dr Fox estimated 
that at the end of 1932, the total reserves of ooal m India were 60,000 million 
tons of whioh only 20,000 million tons could be worked Following Dr Fox, 
the Coal Mining Committee (1937) arrived at the oonolusion that at the end of 
1936 the reserves of good quality ooal were 4889*1 million tons of which only 
1426*2 million tons were good quality ooking coal The Committee further 
concluded that the reserves of good quality coal and ooking ooal, up to the 
end of 1936, would last 122 years and 62 years respectively. As for Jhana 
ooal the Committee made a more disappointing estimate in that good quality 
ooal and ooking ooal of that field would last only 81 years and 57 years respec¬ 
tively. Considering the vital importance of coal the statements no doubt 
arouse grave apprehension But it should be realised that India is a vast sub- 
oontment-like country and a comprehensive geological survey has not been 
undertaken. The Coal Mining Committee also held the view that the reserves 
of ooal of inferior quality in India were practically unlimited. But these 
arguments are not meant to minimise the necessity of conservation. 
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Conservation, broadly understood, implies prevention of avoidable waste 
of coal through improved methods of mining, making for maximum extraction 
consistent with safoty It also includes utilisation of the different grades for 
appropriate purposes leading to maximum satisfaction for each variety 

Methods of extraction have nowhere come to perfection The Coal 
Mining Committee cited the case of tho United States of America Here m 
1921 the average waste was as high as 34 8 per cent Tho average rate of waste 
m India, according to the committee, is to the extent of 60 per cent with a 
tendency to increase As a zealous guardian of the nation’s interests the 
Committee recommended compulsory stowing m the Coal Minos, which the 
Committee hoped would prevent 40 per cent of the avoidable waste, leaving 
10 per cent waste as beyond control 

Legal enforcement of compulsory stowing is the first of its kmd m India 
The measure would certainly mvolve collieries, particularly those producing 
interior coal, in incalculable hardship A proposal of this nature it is undei- 
stood is still under consideration at Geneva As would be expected, the 
recommendations of the Coal Mining Committee and the Stowing Bill as well, 
while it was being discussed m the Central Assembly, evoked strong criticism 
from different quarters 

Conservation through the best possible utilisation of the different grades 
of coal depends largely on extensive research and investigation into their 
physical and chemical properties So far there is no evidence of any effort m 
this direction and the indiscriminate use ot all grades of coal, resulting m heavy 
loss, is going on Only about two per cent of the entire coal resources of India 
belong to tho Coking Coal variety The remaining 98 per cent are non-coking 
and low grade coal, of which only 10% constitute quality coal Superior 
quality coal from which hard coke is manufactured for metallurgical purposes 
is indiscriminately used for steam raising m locomotives and power houses. 
Instances of similar misuse can bo multiplied The need of the hour is to 
encourage study and research for finding profitable uses of supenor as well as 
inferior coal as fuel, raw materials and sources of numerous by-products. 

As for research and investigation, it is the Government who should take 
the lead, because the responsibility is primarily its own Universities and selec¬ 
ted Technical Institutions may do useful work in this line. The Coal Mining 
Committee recommended the establishment of a Coal Research Board The duty 
of the Board should be more comprehensive and I suggest the formation of an 
Indian Fuel Research Board which should be entrusted with carrying research 
into the entire fuel resources of the country Great Britain, Germany, Russia 
and the United States of America have already suoh Boards functioning within 
their borders Great Britain spends nearly one hundred thousand pounds a 
year and the United States of America spends four to five hundred thousand 
dollars for the purpose Let us hope that the wheels of Government will move 
in this direction. 




REORGANISATION OF THE INDIAN COAL INDUSTRY 
By J K Dholakia ,* Ml Mtn.E 

The figures of consumption of coal m various Industries m India as 
estimated and published m the ‘Indian Coal Statistics, 1937 ’, are as follows — 



Estimated 

Per oent of 


Consumption. 

Total. 

Railways 

Tons 

7,934,000 

32 9 

Admiralty and Royal Lidia n Marme 
Shipping accounts 

31,000 

01 

Bunker Coal 

840,000 

35 

Cotton Mills 

1,704,000 

71 

Jute Mills 

705,000 

32 

Iron, steel and brass foundries (in¬ 
eluding engineering workshops) 

5,984,000 

248 

Port Trust 

116,000 

05 

Inland steamers 

484,000 

20 

Bnok and tile factories (including 
potteries and Cement works) 

940,000 

39 

Tea gardens .. 

181,000 

0*7 

Paper Mills 

188,000 

08 

Consumption at oolhenes and wastage 

1,277,000 

53 

Balance available for consumption m 
other industries and for domestic 
consumption 

3,601,000 

15 2 

Total .. 

24,105,000 

100 0 


This will show at a glanoe what headway the industrial progress of the 
country has made. It may be made dear that the Bombay Mill s are almost 
entirely on hydro-electno power and there are oertain other industries which 
oonsume oil fuel inducting a portion of the North-Western Railway which uses oil 
fuel in some of its locomotives and another Railway using wood fuel. The 
equivalence in coal for these two Railways are estimated m the above figures. 

The coal resources of the oountry are of prime importanoe. The ooal 
industry is the of all industries. India takes a aeoond plaoe in the 
British Empire and ninth in the world for its ooal output. The ooalfields 
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found in Assam have added to our known National Wealth We have coals 
of different grades, caking and non-caking and high grade and low grade 

The iron and steel industry requires hard coke and our supplies of caking 
coals for this purpose are limited It is therefore to the interest of the nation 
that such high quality coal should be conserved, but it is a matter for 
consideration how these coals can be conserved for future generations The 
Railways, the Mills, the Shippers—all draw mostly from this variety of coal. 
Efforts are to be made to utilise low grade coal, wherever possible, and conserve 
this high grade vanety for metallurgical purposes 

Waste in the working of coal, or any mineral, has to be avoided and steps 
are being taken to minimise the waste in this industry in the methods of 
working and to obtain the maximum percentage of extraction from seams by 
legislation, and stowing is advocated to fill the cavities or hollows from which 
the coal is extracted and give stability to the surface The problem of supply 
of stowing materials has yet to be solved The Stowing Board is appointed for 
the purpose and it is desirable that a larger number of mines should profit by 
its operation 

In addition to hard coke made in modern coke-ovens by which gas is 
collected and by-products obtained, there are ovens of open types or beehive 
type in whioh hard coke is manufactured and all the by-products are run to 
waste 

Further, soft coke, our domestio fuel, is manufactured in open heaps 
and all the rich volatiles are allowed to waste We have m 1937 manufactured 
about 860,000 tons of soft coke which means a very great loss of valuable 
by-products such as motor spirit, light oils, fuel and lubnoating oils, carbolic 
acid, creosote od, ammonium sulphate, residual pitch and enormous quantities 
of gas, capable of generating millions of horse power 

Research is to be earned out for obtaining smokeless fuel for household 
purposes and for utilising coal having in its raw state a limited market The 
Soft Coke Cess Committee is paying a small contribution to the Indian Sohool of 
Mines, but the results of practical tests, if any, are yet to be published The 
research needs to be carried out on an extensive scale and on practical utility 
Smokeless fuel to which attention is being directed in Great Bntaur is the 
product of low temperature carbonisation process and it is a fact that the 
sucoess or failure of such a prooess is entirely dependent on a market for solid 
fuel. Attention was also direoted to the liquid fuel derived from oarbomsation 
of ooal at low temperature and the activities of the financiers who have 
persistently laid stress on the political value of by-produots have been largely 
responsible for the losses which the publio have suffered from investments on 
unproved processes It is therefore neoessary that extensive tests on the 
technical features of the low Temperature Carbonisation plants have to be 
carried out and their commercial utility proved. 

It has long beenceoognised that sinoe ooal, particularly when ooked, is a bad 
conductor of heat, uniform ooking of a charge at low temperature is an entirely 
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different problem from that in high temperature ovens, where nearly all the 
volatiles are driven off A number of experiments are to be carried out to show 
whether, under suitable conditions, it is possible to make a good domestio fuel 
from the oxtensive supphes of non-coking coals The tests should also be 
carried out with blendings of different qualities of coal and coke breeze 

If a serious attempt is made m this direction, unmarketable low grade 
coal and some old heaps of coal will be utilised in producing smokeless fuel. 
The rosearch work, therefore, on Indian coals is highly necessary and special 
attention has to be directed towards this all important national problem The 
waste gases liberated and collected can be made useful m running power plants 
to supply electrical energy to collieries and industries m the vicinity. 

Research work in all directions is necessary and a beginning on a very 
large scale should be made m the search for various coals and the suitability 
of different grades of coal for different purposes should be established Special 
attention has to be given to smokeless fuel to be made from grades of coal that 
appear unmarketable, and tests have to bo carried out with different types of 
ovens to suit the various varieties of coals, their blendings or mixtures even 
with breeze, as to the possibilities of making briquets whioh may even be 
burnt m locomotives, instead of burning high grade coal The recovery of 
by-produots and utilisation of waste gas should also form a part of the 
research 

The coal trade is working under many disabilities If soft ooke 
consumption is popularised, the demand would be very great aB fuel and 
thus the forests will be preserved avoiding the chances of famine and cow-dung 
can be utilised as manure m the field 

If it could be made possible for largo scale industries to start and thus 
utilise the raw materials which are now being exported at ridiculously low 
prices, the demand would increase m that direction You have noticed that 
the iron industry alone is taking 26% of the coal output 

The Railways in India are not like those in America or other countries 
where two rival Railways catering for greater comforts always advertise and 
carry goods and passengers at competitive low rates, but in India the rates of 
Railway fares and carriage of coal, rather than help the industry’s expansion 
m far off markets, retard the progress and keep it in a moribund condition 
On the top of this, the coal will not be earned when required during the 
winter months and oolhenes have to build up heavy stocks 

Furthermore, the Railways increase their output when prices tend to rise 
and decrease their output when pnees come down This state of affairs can 
be remedied if the Railways purchase all their requirements from the publio 
and keep their coal in reserve for future use, the oustom being distributed 
on as liberal a scale as possible 

While considering the amelioration of the coal industry, the question 
arises as to how to improve the coal trade The simple reply would be that 
the coal should fetoh such a pnoe as would enable the industry to stand on its 
xa 
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own feet, permitting it to do what is required for the safety of persons, safety 
of undertaking and properly organised development The immediate solution 
would be for the Railways to buy all their requirements from the market, and 
conserve the coal in their own collieries Owners of mines in the iron and 
steel industry should draw coal from the pubko and conserve their coal for 
future requirements In order to popularise soft coke, intensive propaganda 
has to be made. Improved quality of soft coke should only be allowed to be 
despatched and the soft coke made from rejections and piokings should be 
stopped Unless and until soft coke made from coal that has no market is 
manufactured, after jacking out impurities and shales, and the supplies of dean 
domestic fuel are assured, no rapid advancement can be made Only if 
soft ooke is popularised as fuel, and if a liberal reduction m Railway freight for 
smokeless fuel for domestic purposes is made, would the consumption increase 
greatly and remunerative prices come to stay The Soft Coke Cess Committee 
has been functioning for some years and the improvements m this direotion 
should engage their serious attention Considering the population of India, 
if intensive efforts are made m this direction and good quality soft coke is 
supplied and Railway freight liberally reduoed, there is no reason why there 
should be any over-produotion 

The iron industry has been started on a very large scale only sinoe three 
decades and is consuming 26% of the coal output When this expands and 
when other industries grow, there will surely be set up a very good demand for 
ooal. In other countries coal and iron industries flourished side by side and 
expansion in both the industries went together and the prosperity of the country 
was the result There is however another view that the prices and output 
should be controlled. Rationalisation of industry should be attempted and the 
trial given three to five years. The industry approached the Government of 
India for suoh a step m 1934 but with no suooess. It is hoped that the 
Government of India will now seriously oonsider the situation again, and help 
the coal owners in their efforts to rehabilitate the ooal industry by giving them a 
sympathetic hearing and by allowing the industry to try to shape its destiny 
for an experimental period of three to five years. 


tas 



THE PRESENT STATUS OP THE COAL INDUSTRY 

By D D Thaoxeb, Rao Bahadub, FR8.A (Lond), MI M.E.* 

Coal is an indispensable commodity in modem industrial life being, in 
fact, the oomer stone on which rests tho mighty structure of modern industrial 
development It is a basic industry and is also called a key-industry, as it 
holds the koy to other industries Coal will, therefore, play an important 
part in any scheme of industrial planning for the country and it augurs well 
for the future of the coal industry in India that the matter has attracted the 
serious attention of the Government and of industrial experts who have 
applied their minds to devise ways and moans to prevent waste of this national 
asset 

Compared to the coal mining industry m other countries, the coal mining 
industry m India is ono of recent growth and its development and expansion 
on modern scientific lines can be said to have commenced only about half a 
century ago The lack of proper transport facilities was one of the mam 
hindrances to the development of the coal industry m the earlier part of the 
19th oentury when some attempts were made at mining coal in the Bengal 
coalfield near about Raneegunge The existence of coal has been known to 
the people of the country since ancient times and as has been observed by 
the authors of the ‘Report of the Indian Coal Mining Committee of 1937* 
‘Names of villages and localities as Kalipahari (black bill), Damodar (fire in 
womb), Barakar (big mine) and Angarpathra (oharcoal stone) indicate that in 
olden times coal was used for fuel and reducing iron ore ’ 

The history of the coal industry in India dates from the year 1774 when 
Messrs Sumner and Suetonius Grant Heatly (who was at the time the 
Collector of Chotanagpur) obtained permission from the Government to work 
ooal mines m an extensive area near Sitarampur in Bengal There were no 
facilities for Railway transport m those days and 2,600 maunds of coal that 
was worked m these mines were transported to Calcutta by nver m 1776 
Eventually the whole project had to be abandoned and tbe first venture 
m ooal proved to be an unsuccessful one 

Forty years later in 1814, when the Marquis of Hastings was the Governor- 
General of India, the Government deputed Mr Rupert Jones, a mining expert 
from England to prospect and report upon the Bengal coalfields With financial 
help from the Government, he began mining operation in a village near 
Raneegunge and this undertaking was subsequently taken up m 1835 by 
Messrs. Alexander ft Co., a Calcutta firm and subsequently by Messrs. Carr, 
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Tagore & Co of which the late Dwarkanath Tagore, the grandfather of our 
illustrious countryman and poet Dr Rabindranath Tagore, was a partner. 

By this time another company, Messrs Jessop & Co, had stepped into 
the field and opened coal mines at Damulia and Narainpur and worked there 
up till 1839 when they were transferred to Messrs Gilmore Humfray & Co In 
1843 by amalgamating the two firms of Gilmore & Co and Carr, Tagore & Co , 
Messrs Bengal Coal Company who still own and work a very large number of 
ooal mines m the Raneegunge and Jhana coalfields, came into existence 
Messrs Bengal Coal Co may thus be regarded as one of the pioneers in the 
Indian coal industry and they form the link between the old and the new workers 
in the field Then chronologically we come to the Gindih field where in 1871 
the East Indian Railway acquired extensive coal land and opened mines which 
are being still worked 

Though coal mining operations were first started in the Raneegunge field 
and aotual mining operations in the Jhana field commenced as late as 1890, 
the Jhana coalfield gradually acquired its position of special importance and 
it now accounts for three-fourths of the total output of coal from the Provinces 
of Bihar and Orissa. 

The Jhana coalfield oovers an area of about 180 sq miles in extent lying 
within the district of Manbhum in Bihar On its western border the Jhana field 
practically joins on to the Bokaro-Ramgarh field in the Hazanbagh district 
where the Railways have been working their own mines sinoe 1915 

The existence of noh deposits of ooal in the Jhana coalfield was known 
as early as 1839 and an attempt was made to obtain a lease for mining coal 
within Jhana State in 1858, but the Court of Wards which was then m charge 
of the State did not grant any lease. The creation of the Department of the 
Geologioal Survey of India by the Government and the geological survey of 
the Jhana ooalfield by experts like Mr T W H Hughes in 1806 and by 
Dr. V. Ball m 1887 and Mr T H Ward in 1890 gradually drew the attention 
of enterprising businessmen to the prospect of ooal industry m the Jhana 
field, and also impressed upon the East Indian Railway the necessity of extending 
their branch lines from Barakar to Katrasgarh in 1894 and from Kusunda to 
Patherdih in 1896, in order to facilitate the development and expansion of coal 
industry, as without transport facilities it is absolutely impossible for the 
industry to make any headway. 

Though m recent years there has been a very brisk development of the 
coal min i n g industry in the Central Provmoes and some other places m India, 
yet the Raneegunge and Jhana fields have still retained their positions of 
importance and in 1935 the Jhana and Raneegunge coalfields accounted for 
78*96% of the total output. It will be interesting to note here that the yield 
of the Jhana and Raneegunge fields m relation to the total Indian output 
has been climbing down since 1920, it being 83*07 % of the total m 1920,84*70% 
in 1923, 79*23% m 1930 and 78*90% in 1935. 
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The early methods that were adopted for mining coal were comparatively 
simple and coal was raised gradually by working quarries at shallow depths 
and later galleries were driven from the quarries and work was mostly earned 
out in the daytime and night work was only introduced still later 

With the expansion of Railways and better transport facilities, better 
and improved methods of mining were undertaken by enterprising business* 
men and mining gradually became a more difficult and hazardous job 

The enactment of the Indian Mines Act in 1901, which provided for better 
and more scientific methods of working under properly qualified and trained 
colliery managers, marked a now epoch in the history of the mining industry 
in this country and ensured better safety for workers and more methodical 
working under the supervision and control of a Government Inspectorate 
headed by a Chief Inspector of Mines The offico of the Chief Inspector of 
Mines was at first located at Calcutta where it remained until 1907 when it 
was removed to Dhanbad, so that better and more effective control could be 
exercised over tho coal mines which have been daily increasing in number 
round about tho Jhana coalfield 

As workings became old and dopillanng operations were sought to be 
earned out, and the chances of accidents and collapsos and of fires m mines 
increased, considerable amendments have been effected in recent years m the 
Indian Mines Act and in the various Rules and Regulations framed thereunder 
to minimise the chances of such accidents The recent enactment of provisions 
for compulsory stowing of deep mines and of setting up of two Rescue Stations, 
one m the Jhana field and another in tho Raneegunge field, are attempts to 
oheck the growing evil of underground accidents by subsidence and fire 

I do not think, in speaking about the present status of the coal industry, 
I should allow myself to dnft away into the details of the vanous legislative 
measures that have been enacted in recent years to ensure and provide for the 
better safety of workers, adoption of better and more improved methods of 
mining and other ameliorative measures for the welfare of labour and com¬ 
pensation to workers in case of accidents All that I need say is that they have 
to a oertarn extent added to our cost of production and when we take into 
consideration the Provincial enactments such as the Bihar and Orissa Mining 
Settlement Act or the Bengal Mi ning Settlement Act or the Jhana Water Supply 
Act or the Am ended Road Cess Act, the burden that has been thrown upon 
the industry will appear by no means to be moonsiderable 

As I have already stated, the two coalfields of major importance are the 
Raneegunge and the Jhana coalfields though, m recent years, in spite of the 
comparative infenonty of its ooal, the Central Provinces has, because of its 
geographical position, turned out to be a formidable nval of Bengal and 
Bihar coal m the important coal-consuming centres of Western India, such as 
Bombay and Ahmedabad 

The broad difference between Raneegunge and Jharia ooal is that, while 
Jharia coal is caking coal, the Raneegunge ooal is mostly non-caking or partially 
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caking. Ranee gunge coal is richer in volatile matter and because of its low 
volatile mattei Jhana coal gives lietter results in an ordinary locomotive boiler, 
but Raneegunge and Jhana coal each has its own use and is good for its own 
purpose 

The important position that the coal industry occupies today was not 
attained in a day I have attempted to give you a very bnef outline of its 
struggles dunng the early years of the 19th century when some pioneer attempts 
had failed, because of transport and other difficulties and the predilection of 
the consumers, who were also then very fow and m favour of the superior 
quality of imported Walesh coal 

The history of the present coal industry therefore really dates from the 
beginning of the 20th centrny and a mere glance at the annual figures of the 
output of coal dunng the last 40 years will show how rapid hew been the develop¬ 
ment According to the Report of the Coal Mining Committeo, between 1880 and 
1919 the production of coal in India doubled every 10 years The reason which 
led to this phenomenal growth of the coal industry during these years were — 
(l) Development in the export trade of coal 

(u) The expansion of Railways which are the biggest consumers of 

coal at present 

(m) The development of iron and steel industry which is the socond 
big consumer next to the Railways 

(iv) The establishment of cotton, jute and other mills 

(v) The development of other various industries and factories and 

(vi) The last, though not least, an increased use of coal as domestic 

fuel, m the shape of soft coke 

In comparison to the vast size of the Indian population, the figure of coal 
used for domestic consumption at present is almost negligible There is a 
very great potential market for low grade coal of the country in the domestio 
hearth of India’s teeming millions and if this market can be properly tapped 
I am sure it will go a great way to remove the hardship under which many 
second class collieries are labouring at present The work that is being done 
by the Soft Coke Cess Committee for popularising the use of soft coke as 
domestic fuel has to a certain extent stimulated the internal demand for 
domestio coal and the possibilities that he ahead are still very great. It may 
be interesting to note here the approximate figures of ooal consumed by the 
various industries dunng the year 1936 


Railways 

Tons. 

. 7,482,000 

Iron and steel industries 

.. 6,681,000 

Other industrial and domestic consumption 

.. 2,750,000 

Cotton mills 

1,607,000 

Bunker ooal 

000,000 

Bnck manufacture 

858,000 

Jute mills 

.. 746,000 
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Tons. 

Inland steamers 667,000 

Tea and paper industries 379,000 

Though the Railways have been and are still the biggest consumers of 
coal, yet the development of their own collieries by the Railways has adversely 
affected the general trado duo to the loss of a considerable portion of the 
Railway custom 

The exports of Indian coal to foreign countries began to increase gradually 
from the beginning of the present century and from an annual average figure 
of 306,000 tons prior to 1900, it reached the figure of 1,224,768 tons m 1920 
which was the highest ever recorded 

The chief places of export outside India were Colombo, Singapore, Penang, 
Sabang, Rangoon and some other places, while coal was exported coastwise to 
inland ports like Madras, Bombay and Karachi 

Closely following on the Great War and taking advantage of the immobile 
position of the trade due to scarcity m the supply of Railway wagons for 
transport of coal, consequent on the greater demand for Railway wagons for 
other trades and industries, two formidable rivals in the shape of Welsh and 
Natal coal appeared m the important coal-consuming centres of Western 
India. The Welsh coal could compete favourably because of its superior 
quality, while the South African coal was placed m a position of advantage 
because of the bounty it received from the South African Government by way 
of rebate in shipping freight Though the cost of production of Indian coal is 
very low m comparison to the cost of production m the other countries, yet 
the exorbitant railway freight on Indian coal made it possible for sea-borne 
foreign coal to oust successfully the Indian coal from some of its paying internal 
markets While faced on the one hand with this keen competition with 
foreign coal in the internal markets, the Bengal and Bihar coal had also to 
reokon with the competition from C.P. coal, because of the special advantage 
enjoyed by it owing to its proximity to coal-consuming centres like Bombay and 
Ahmedabad and the consequent cheapness in Railway freight On top of this 
came the embargo that was plaoed by the Government of India m 1920 on 
the export of Indian coal to foreign countries with the result that the Indian 
coal trade m overseas markets was completely lost The position of the 
Indian coal trade became so very critical m or about this time that it shook 
the attitude of the stolid indifferenoe taken up so long by the public and the 
government In March 1924 the Indian Legislative Assembly recommended 
to the Tariff Board the investigation into the question of offering some protec¬ 
tion to the Indian coal trade against foreign competition. The result was 
the subsequent imposition of a countervailing duty of annas eight per ton 
on all foreign coals imported into India But as was expected, the relief was 
extremely inadequate 

In the very same year, t.e September 1924, the Government of India 
appointed an expert committee under the chairmanship of Sir Frank Noyoe 
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to enquire and report on measures to stimulate the export of Indian coal to 
Indian and foreign ports and in particular to see what effective measures could 
be taken for pooling and grading Indian coal for export and bunkering. The 
Noyce Committee earned out a thorough investigation into the matter and 
on the recommendation of that Committee the Indian Coal Grading Board was 
constituted and the Coal Grading Act was passed providing for certification 
of coal intended for export 

The Indian Coal Grading Board under the able guidance of the Chief 
Mining Engineer to the Railway Board, who is the Chairman of the Board, 
and his Inspection Staff, both on the collieries and at the Kidderpore Docks, 
are doing valuable work Through the efforts of the Board Indian coal has 
been able to win back much of the confidence that it had lost in the foreign 
markets and has been able to retrieve partially its position m those places 

The export trade has considerably improved during rocent years In 
1937, the total shipment of Indian ooal to various Indian and Chinese ports 
was over 1$ million tons In 1938, there was a heavy demand for coal from 
China and the total export figure reached 2,210,130 tons as against the annual 
average of 3,28,000 tons for the previous five years 

The output of Indian coal has been rising higher and higher every year 
and the year 1937 was perhaps the poak yoar with a total figure of 
over 26 million tons But this rise m output is no index to the prosperity of 
the trade and has been, on the contrary, one of its sources of weakness as it 
has led to keen internal competition and suicidal cutting down of prices below 
the actual cost of production 

Overproduction has been characterised by some as a special disease of 
the Indian ooal trade I cannot do better than quote in this connection the 
observations of the Coal Mining Committee — 

‘Eoonomic science says that “supply price” is cost of production 
plus a reasonable profit, but there seems little or no margin of profit in 
pnoes whioh most coal of good quality has been fetching during the past 
few years These low prices are due to interaction of keen competition 
and decreased demand due to general depression Potential production 
exceeds demand and competition compels the quotation of prices based 
on potential rather than actual production * 

The truth of these observations will be apparent from the fact that 
dunng the last five years the average selling pnoe of first class or selected 
grade ooal was Rs 3-12-0, Rs.3-4-0, Rs 3-2-0, Rs 6-8-0 and Rs 6-0-0 per ton, 
for colliery siding, while average raising cost comes to over Rs 6-0-0 per ton 
The Indian ooal industry stands at present faced with a variety of prob¬ 
lems the chief amongst which are the better utilisation of the low grade 
ooal, (2) prevention of the present wasteful methods of working, (3) the re¬ 
covery of the by-produots of coal, and (4) conservation of the caking coal 
for metallurgical purposes 



CHEMICAL CONSTITUTION OF COAL 
N N Chattebjbe * 

In order to understand the nature of tho coal constituents chemistafollowed 
various methods which may be classified under throo principal heads — 

( 1 ) Chemical attack by means of various reagents whioh oxidise, 
decompose or otherwise alter the coal substanoe 
(u) The action of various organic solvents which are supposed to extract 
fractionally certain constituents without radically altering them, 
(m) The aotion of heat on the original coal or of some extracted portions 
at certain dofimte temperature and the examination of the pro. 
ducts so obtained This includes the process of coal distillation 
and the examination of various distillates 
Regarding the first method the reagents chiefly employed have been 
sulphuno acid, mtnc acid, caustic alkalies, bromine, ozone, oxygen, etc. Coal 
being a heterogeneous mixture of several complex compounds most of which 
are imperfeotly soluble in any known reagonts The scientists made attempts 
to transform some of them by various chemical treatment into simpler definite 
produots capable of further investigation and identification Such attempts, 
however, have been unsuccessful because by such treatment the yields were 
either too small or the products were themselves in an advanced stage of decom¬ 
position, thereby giving no clue as to the real nature of the orgamc compounds 
originally present m the coal substance 

Regarding the third method the ooal is subjected to destructive distillation 
and the various coal constituents are decomposed at different temperatures 
and give nse to various chemical compounds of different thermal stability 
In this process also the resultant chemical compounds do not enlighten us m 
the matter of obtaining definite information as to the real nature of the 
compounds originally present m coal 

The second prooess of attacking the coal by various orgamc solvents is 
undoubtedly preferable to either of the above two processes because it enables 
us to extraot some portions, if not all, of the various constituents of ooal with 
minimum alteration or decomposition of the coal substance The difficulty 
is in the selection of a proper solvent that will behave differently to the different 
ooal constituents and at the same time will be able to extraot a large 
proportion of them without destroying the whole structure 

By suitable solvents and by following proper technique and at the same 
tune avoiding any decomposition of the coal substanoe this process has been 
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found to separate various compounds from coal and by oareful investigation 
the definite chemical nature of them has been studied and established 

Already a considerable amount of work has been done with regard to the 
aotion of various orgamo solvents on coal substance in order to elucidate the 
nature of the constituents present in it The principle underlying the solvent 
action is to break up the coal substance into different fractions without 
materially decomposing it Various organic solvents suoh as benzene, chloro¬ 
form, ethyl ether, ethyl alcohol, light petroleum, acetone, ahilino, qumolene, 
phenol, eto , were employed with varied results In 1899 Bedson found that 
pyridine has a remarkable solvent action upon coals and subsequently pyndine 
as a suitable solvent came mto general use It will be out of place here to give 
a detailed acoount of this solvent work carried out by various scientists m 
different countries The author of this note earned out some work in this 
line and followed Prof Wheeler in selecting pyridine and chloroform as the 
most suitable solvents for extraction purposes Of the recent works m this 
line mention should also be made of the researches earned out by Bone and 
Illingworth. Prof Bone constructed an apparatus which operates on the 
automatic soxhlet pnnoiple under pressure up to 700 lb per sq. in by which 
means he could extract a greater quantity in a shorter penod The solvent 
used by him was benzene Illingworth earned out investigations in this 
direction and observed that by heating the coal at 200°C for 24 hours out of 
contact with air the rate at which the extraction proceeded wub much increased 
But when extracted for a long penod the amount of extract was practically the 
same under both conditions From his experience it was found that slightly 
greater extraction was possible with chloroform than with benzene Parr 
and Hadley earned on some extraction with phenol at 100°C for 20 hours in 
an atmosphere of C0 8 By suoh treatment they could eliminate resimo organic 
sulphur from coal Fischer and Gluud studied the aotion of benzene upon 
coals at 288°C and about 60 atmospheres 

It may be mentioned that very little work has hitherto been done to 
find out the effect of solvents on Indian ooals. Carnck Anderson and 
Henderson followed the method of Bedson and earned out some expenments 
with Bengal and Japan ooals. They used commercial pyndine as the solvent, 
boiling at 1I0-120°C. m soxhlet apparatus It has been pointed out by 
Illingworth that though better extraction is possible with phenol at higher 
temperature (400°C), yet at temperatures under 120°C the pyridine has been 
found to be more efficacious in its aotion. It was suggested by Bone and 
Wheeler that at higher temperature, sometimes as low as 180°C , there was a 
ohanoe that there might ensue some decomposition in the coal substance. 
The author of this paper has done some work in this line and carried out 
soxhlet extractions with pyndine and chloroform as suitable solvents and 
did not therefore prefer to experiment at higher temperatures. The details of 
the technique followed in the laboratory have already been published. 1 
The ooals that were subjected to laboratory investigation inoluded the Tertiary 
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ooala of Assam and NW India and some specimens of Qondwana coals 
The author of this paper takes this opportunity of expressing his best 
thanks to Dr Pox for kindly giving him some specimens of Tertiary coals for 
investigation 

When coal is subjected to the aotion of pyndino m the Boxhlet apparatus 
it splits up into insoluble (alpha cellulosic coal or alpha compound) and soluble 
(beta cellulosic and gamma resinic substance) portions The soluble portion 
(beta and gamma compounds) on further treatment with chloroform in the 
soxhlet apparatus is found to break up into insoluble (beta compound) and 
soluble (gamma compound) fractions The coal substance thus resolves into 
cellulosic and resimc components Tho chemical nature and other different 
properties of those substances have been carefully studied and established 
and it will bo out of place horo to enter into those details The respective 
amounts of these compounds preeont in the different coal specimens of India 
have been dotermmed quantitatively and the results are enumerated in Table II 
Table I gives the proximate analyses of the coal specimens The method 
adopted for proximate analyses has boon described m a previous communica¬ 
tion 8 Table HI gives tho ultimate analyses of these coals In the following 
lines a discussion is given of the presence of these chemical constituents and 
their relation with oakmg and swelling properties of the coals 

The alpha, beta and gamma compounds have been separately examined 
and their behaviour under heat treatment studied The alpha compounds 
obtained from all the specimens of caking coals do not show any tendenoy to 
form a ooherent mass when subjected to destructive distillation In other 
words it may bo said that the oakmg property of a coal is almost entirely 
destroyed by the leaching action of pyridine on the ooal substance The beta 
compounds obtained by the action of pyndme and chloroform on the coal speci¬ 
mens, when strongly heated in a covered platinum crucible, are found to give rise 
to a swelled mass though the particles are not held together very firmly The 
gamma compound on being heated generally liquates and melts at a much 
lower temperature and is found to yield the cementing substance which binds 
together the other ooal particles When further heated at higher temperature 
it forms a swelled mass. A mixture of alpha cellulosio coal particles and 
gamma compounds m definite proportions when heated is found to produoe 
a ooherent mass. The beta compound is also able to take up some amount of 
alpha oellulosio particles to form a swelled mass when subjected to prooess of 
carbonisation It is also found that a mixture of alpha, beta and gamma 
compounds in the same proportion as present m the ooal substanoe produces a 
good coke though slightly inferior to the coke obtained from the coal. 

Two specimens of caking coal (seams Nos XIV and XV) were heated for 
several hours at 105°C -110°C m presence of air and the caking property 
eventually destroyed These specimens were then subjected to the aotion 
of pyridine and chloroform and the results of these experiments are given 
below,— 
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found to separate various compounds from ooal and by oareful investigation 
the definite ohemical nature of them has been studied and established 

Already a considerable amount of work has been done with regard to the 
aotion of various orgamo solvents on coal substance in order to elucidate the 
nature of the constituents present in it The principle underlying the solvent 
action is to break up the coal substance into different fractions without 
materially decomposing it Various organic solvents such as benzene, chloro¬ 
form, ethyl ethor, ethyl alcohol, light petroleum, acetone, ahiline, quinolene, 
phenol, eto , were employod with varied results In 1899 Bedson found that 
pyridine has a remarkable solvont action upon coals and subsequently pyndine 
as a suitable solvent came into general use It will be out of place here to give 
a detailed account of this solvent work earned out by vanous scientists m 
different countnes The author of this note earned out some work in this 
line and followed Prof Wheeler m selecting pyridine and chloroform as the 
most suitable solvents for extraction purposes Of the recent works in this 
lino mention should also be made of the researches earned out by Bone and 
Illingworth Prof Bone constructed an apparatus which operates on the 
automatic soxhlet principle under pressure up to 700 lb per gq in by which 
means he could extract a greater quantity in a shorter period The solvent 
used by him was benzene Illingworth earned out investigations in this 
direction and observed that by heating the ooal at 200°C for 24 hours out of 
contact with air the rate at which the extraction proceeded was muoh increased 
But when extracted for a long penod the amount of extract was practically the 
same under both conditions From his expenenoe it was found that slightly 
greater extraction was possible with chloroform than with benzene Parr 
and Hadley earned on some extraction with phenol at 100°C for 20 hours m 
an atmosphere of C0 2 By such treatment they could eliminate resinio organic 
sulphur from coal Fischer and Gluud studied the action of benzene upon 
coals at 288°C and about 60 atmospheres 

It may be mentioned that very little work has hitherto been done to 
find out the effect of solvents on Indian coals Carriok Anderson and 
Henderson followed the method of Bedson and earned out some experiments 
with Bengal and Japan coals They used commercial pyridine as the solvent, 
boiling at 110-120°C. in soxhlet apparatus. It has been pointed out by 
Illingworth that though better extraction is possible with phenol at higher 
temperature (400°C), yet at temperatures under 120 4 C the pyndine has been 
found to be more efficacious m its aotion It was suggested by Bone and 
Wheeler that at higher temperature, sometimes as low as 180°C , there was a 
ohanoe that there might ensue some decomposition in the coal substanoe 
The author of this paper has done some work in this line and carried out 
soxhlet extractions with pyridine and ohloroform as suitable solvents and 
did not therefore prefer to experiment at higher temperatures The details of 
the technique followed in the laboratory have already been published 1 
The coals that were subjected to laboratory investigation inoluded the Tertiary 
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ooals of Assam and NW India and some speoimens of Gkradwana coals 
The author of this paper takes this opportunity of expressing his best 
thanks to Dr Fox for kindly giving him some specimens of Tertiary coals foi 
investigation 

When coal is subjected to the action of pyndine in the soxhlet apparatus 
it splits up into insoluble (alpha cellulosio coal or alpha compound) and soluble 
(beta cellulosio and gamma rosinic substanco) portions Tho solublo portion 
(beta and gamma compounds) on further treatment with chloroform in the 
soxhlet apparatus is found to break up into insoluble (beta compound) and 
soluble (gamma compound) fractions Tho coal substanco thus resolves into 
cellulosio and resimo components Tho chemical nature and other different 
properties of those substances havo been carefully studied and established 
and it will bo out of place here to enter into those details The respective 
amounts of these compounds present m the different coal specimens of India 
have boon determined quantitatively and the results are enumerated m Table II 
Table I gives the proximate analyses of the coal specimens The method 
adopted for proximate analyses has been described m a previous communica¬ 
tion 8 Table III gives the ultimate analyses of these coals In the following 
lines a discussion is given of the presence of these chemical constituents and 
their relation with caking and swelling properties of the coals 

Tho alpha, beta and gamma compounds have been separately examined 
and their behaviour undor heat treatment studied The alpha compounds 
obtained from all the specimens of caking ooals do not show any tendency to 
form a coherent mass when subjected to destructive distillation In other 
words it may be said that the caking property of a coal is almost entirely 
destroyed by the leaohmg action of pyndine on the ooal substanco The beta 
oompounds obtained by the action of pyridine and chloroform on the coal speci¬ 
mens, when strongly heated in a covered platinum crucible, are found to give rise 
to a swelled mass though the particles are not held together very firmly The 
gamma compound on being heated generally liquates and melts at a much 
lower temperature and is found to yield the ccmonting substance which binds 
together the other ooal particles When further heated at higher temperature 
it forms a swelled mass. A mixture of alpha cellulosio ooal particles and 
gamma oompounds m definite proportions when heated is found to produoe 
a coherent mass The beta compound is also able to take up some amount of 
alpha cellulosio particles to form a swelled mass when subjected to process of 
carbonisation. It is also found that a mixture of alpha, beta and gamma 
compounds m the same proportion as present m the ooal substanoe produces a 
good ooke though slightly inferior to the coke obtained from the ooal 

Two specimens of caking ooal (seams Noe XIV and XV) were heated for 
several hours at 106°C -110°C m presence of air and the caking property 
eventually destroyed. These speoimens were then subjected to the action 
of pyridine and ohloroform and the results of these experiments are given 
below:— 
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{Coal oxidised at 10S°O -110°C and caking property destroyed) 


% 

Seam XIV. 

Seam XV 

Alpha compound (a) 

93 00 

84 02 

Beta oompound (/3) 

060 

6-70 

Gamma compound (y) 

660 

9*28 

Total pyridine extract (j8+y) 

700 

15 98 


Untreated coal 


% 

Seam XIV 

Seam XV 

Alpha compound (a) 

93-43 

84-32 

Beta compound (/3) 

0 20 

6 68 

Gamma compound (y) 

6-37 

900 

Total pyridine extract (0-f-y) 

6 67 

15 68 


Discussion of Results. 

It will be out of plaoe here to enumerate m detail the views held by previous 
workers on this subject as an excellent historical summary has been published 
by Bakos 8 It may be mentioned that Prof Wheeler and his school carried 
out extractions of coal with pyridine and ohloroform and a comprehensive 
work on the extraction with benzene under pressure was earned out by Fischer 
and Bone and their associates Illingworth also conducted experiments after 
Wheeler with pyridine and ohloroform and put forward certain generalised 
statements which require verification Illingworth oonoludes that for the 
coals with C/H ratio higher than 10, coke can only be formed when more 
than 5*5% of gamma compound is present. The gamma oontent is maximum 
m coals when C/H ratio is between 17 and 18. An morease of C/H ratio will 
deorease the gamma content According to him the beta oompound is found 
to ocour in greatest amount in ooals with C/H ratio between 14 and 16. He 
also oonoludes that increase of C/H ratio decreases the beta oontent of coal 

Referring now to the analytical results given in Table II it will be seen 
that many of the caking coals contain gamma compound more than 5% which 
go to support partially the views of Illingworth The relationship proposed 
by him between the pyridine extracts and C/H ratio does not seem to hold 
good in every case. There are oertain exceptions whioh suggest that the resimo 
coking theory as put forward by Illingworth should be aooepted with reserve. 
Besides, the results obtained by Foxwell* in this direction do not go to support 
the views of Illingworth m all their entirety. 

So far as the caking principle is oonoerned Cockram and Wheeler 6 conclude 
that caking property is due to the presen oe of resins and hydrocarbons contained 





IT N C&ATTEtUEE OheMIOAL OOKSTlTtmON OS’ COAL 


in the coals or derived from these substances during the early stages of heating 
Foxwell • lays importance on the extrusion of molten matter in the first stage 
of ookmg consisting of gamma from the interior of coal He thinks that the 
ookmg power of a coal is due not so much to the actual amount of the gamma 
fraction which it contains as to its mode of extrusion when tho coal is heated 
It may be pointed out that Foxwell obtained a tolerably good coke from a 
South Welsh ooal containing only 0 1% of gamma compound The author of 
this note also found that tho strongly oaking Jammu coal contained only 0 37% 
of gamma and 0 73% of beta compound Foxwell also observed that there 
are some coals containing a large amount of gamma fraction which do not yield 
coke A reference to Table II will show that Borjan non-caking ooal of 
upper Assam contains an appreciable amount of beta and gamma compounds 
Foxwell suggests that some structural peculiarity in the coal may prevent the 
extrusion of the gamma fraction in the proper manner and that this may be 
one of the factors responsible for the non-oaking nature of such coals 

Foxwell lays much stress on the presence of the gamma fraction and does 
not discuss in detail the nature of the beta fraction and its r61o in the caking 
and swelling properties The author of the present paper, however, finds 
that the swelling and oaking properties of ooal are connected with the presence 
of both the beta and gamma fractions and not tho gamma compound alone 
Sinnatt’s 7 suggestion that the gamma compound alone is responsible for swelhng 
and caking does not seem to tally with the author’s experimental observations 
Beta particles on being heated are found to produce a highly swelled and coherent 
mass showing clearly that the swelhng property of ooal is to be ascribed to the 
presence of the beta oompound, a suggestion already made by Shimura 0 and 
Barash 9 The fact that beautiful cenospheres are obtained by Bakes 10 from 
beta fraotion goes to oppose Sinnatt’s view As the beta pari ides get cemented 
together during the process of heating it is clear that a certain amount of binding 
or cementing substance is derived from this compound The analytical results 
given in the tables accompanying this paper show that there are few exceptions 
to this statement The three specimens of Ramganj coals (Pomati, Nmga 
and Ghusick seams) contain a sufficient amount of beta and gamma compounds 
yet they swell only slightly during oaking Following Foxwell’s suggestion it 
may be said that some structural peculiarity in the coal substance may be 
held partly responsible for this There are reasons to believe that the physical 
oondition of the alpha oellulosio fraction m those specimens has a great influence 
on the beta and gamma compounds m preventing the formation of a highly 
swelled and coherent mass. 

The coal specimens (seam Nos. XIV and XV) on slow oxidation are 
found to have lost their oaking property The amounts of pyridine extract m 
these specimens remain more or less the same before and after the oxidation. 
As suggested by Barash 11 the only explanation that can be given is that by 
the oxidation of the ooal substanoe at an elevated temperature the physical 
oondition and structural peculiarity of the alpha fraotion beoome altered 
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sufficiently to behave in a different manner than in the untreated coal Similar 
instanoes have also been reoorded by Barash, 18 the only difference being that 
Barash kept the ooal specimens exposed to air for a considerable length of time 
instead of heating as m the case of the present author’s experiments Barash’s 
suggestion that the alpha oompound develops increased absorptive capacity 
appears to be reasonable 

From what has been said and discussed above it appears that the alpha 
fraction without being an inert substance, as has hitherto been supposed to be, 
plays an important role in the process of carbonisation, details of which have 
yet to bo thoroughly studied 

With regard to the gamma content it may be pointed out that almost 
all the specimens of caking coal moluded in the present paper contain more 
than 5% gamma fraotion and that all the coals are not equally oaking as 
shown by the different values of their oaking indices (Table T) An exceptional 
oase has boon recorded This speoimon (seam No X), however, contains a 
slight amount of beta compound which is responsible for the non-swelling nature 
of this coal A scrutiny of the analytical results given m the tables will show 
that the gamma fraotion is mainly responsible for the development of cement¬ 
ing material in the coal substance. From the behaviour of the gamma fraction 
during heat treatment it is found that some amount of swelling is also due to 
the presence of this compound 

From what has been said and discussed m the foregoing pages it is clear 
that the generalised statements put forward by Illingworth and the suggestions 
made by various other authors regarding the relationship betweon the pyridine 
extracts and oaking and swelling properties do not appear to be strictly 
applicable in the case of coal specimens described in this paper 

Though the suggestions made by Bakes 18 are in general harmony with 
the observations recorded in this paper regarding the oaking and swelling 
properties of coal, yet slight modification is necessary as suggested below for 
the proper explanation of the facts observed by the present author Bakes’ 
conclusion is that during the plastio stage two types of plastic material may be 
present The first (oaking constituent) consists of a dispersion of gamma 2 
and gamma 3 m gamma 1 The seoond type of plastio material (the swelling 
constituent) results from the fusion of portions of ooal similar in nature to the 
beta fraotion which may be obtained by pyndine extract] on The author of this 
paper has already pointed out in the foregoing pages that the beta oompound, 
besides being responsible for the swelling property, also gives rise to some 
oementing substanoe and that the gamma fraction when heated liquates at lower 
temperature and swells to some extent on further heating at higher temperature, 
showing that gamma is mainly responsible for the development of the oementing 
material m the ooal substanoe and partially for the swelling It is also evident 
that caking and swelling properties are the results of a combination of phywoal 
and chemical reactions whioh take plaoe in the ooal substance partly simul¬ 
taneously and partly suooessively. There are, however, indications that the 
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physical condition and structural peculiarity exert some influence during the 
caking process and further work is necessary in this direction before any 
generalised statement can be put forward No definite relationship between 
C/H ratio and tho alpha, beta and gamma fractions has been observed at this 
stage of investigation, 
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METHODS OP ANALYSIS OP COAL 

On the necessity of standardising a method fob the proximate 
ANALYSIS OF COAL IN INDIA 

By N N. Chattbrjee * 

The scientific) workers in India engaged in coal research are sometimes 
faced with the problem as to the selection of the best method for carrying out 
the proximate analysis of coal After the establishment of the Coal Grading 
Board m 1925 by the India Government the grading of coal on the basis of 
proximate analysis has been m practice and business transactions are earned 
out on the production of a certificate from the Coal Grading Board 

The Coal Grading Board, however, issues the certificates on getting the 
analytical report from the laboratory of the Ahpur Test House Almost all the 
coal seams in the important coalfields of Bengal, Bihar and C P. have been 
graded in this way depending on the analytical results obtained from the 
said Test House The coal producers and consumers are thus guided in the 
inland and foreign market by the certificates issued by the Coal Grading 
Board The scientists working m different laboratories were always under 
the impression that the method followed by the Ahpur Test House must 
have been a standard one free from inaccuracies Later on in 1930 the method 
adopted by the Ahpur Test House and on which the grading of coal seams is 
earned out was published by Brodie 1 in the Records of the Geological Survey 
of India The method outlined by Brodie does not appear to be satisfactory 
and differs from the standard methods of England and America. A discussion 
of Brodie’s method was communicated by the present author to the Geological, 
Mining and Metallurgical Society of India on the 18th September m the same 
year* 

The present author is not aware if any modification or improvement has 
sinoe then been made m the Ahpur Test House method. The writer therefore 
wants to put forward this discussion on the subject and has made an attempt 
m the following lines to Bhow the necessity of sta n da r disi n g a method for the 
proximate analysis of coal in India. The attention of the scientists engaged 
in coal research m India should be drawn to this part of the problem and the 
present writer suggests that a standard method should be followed or a suitable 
method be evolved and standardised for use m the different laboratories of 
India for obtaining a much better and uniform result. 

The method of proximate analysis of ooal attracted the attention of the 
early scientists. It was also realised by them that the percentages of moisture 

* Department of Geology, Calcutta University. 
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and volatile matter vary considerably depending on various factors and the 
methods of analysis. The values obtained by proximate analyses were therefore 
regarded as more or less arbitrary. Hence the chemists and scientists of 
different countries evolved some standard methods for the analysis of ooal so 
that people working at different oentres in the same country may obtain 
some concordant results by following one standardised method Thus we 
have got a few methods as recommended by the United States Bureau of 
Mines,* by the Fuel Research Board of England,* the South African Branch 
of the British Engineering Standard Association, 6 and the United States Steel 
Corporation 6 But unfortunately in India we do not find any suoh standard 
method for proximate analysis of coal With the inception of the Coal Grading 
Board the utility of representative samples has been realised by everybody 
and at the present day mine sampling and laboratory sampling are being 
gradually introduced everywhere. In 1910 Cunningham Hughes 7 published 
an article on proximate analysis of coal In this paper he made an attempt to 
put forward a method of analysing coal but os the method was not highly 
perfect it did not receive much recognition 

In the article dealing with the method of Brodie we find that he felt the 
necessity of one standard method for suoh analytical work But the author 
of this note fails to understand why a method was adopted differing greatly 
from the standard methods reoommended by the U S. Bureau of Mines or the 
British Fuel Research Board. In that paper sufficient reasons have not been 
given for such deviation. 

The method of determination of moisture content in a specimen of coal 
was discussed in the 8th International Congress of Applied Chemistry in 1912 
and it appears from the report 8 that one gram of coal should be heated in a 
oonstant temperature oven at 105°C.-107°C. for one hour, then it should be 
allowed to cool in a desiccator and weighed and the percentage of moisture 
calculated. A similar method is also reoommended by the American Chemical 
Society 9 and is m general practice in America and other countries. 10 Shallow 
vessels are used m all cases for the determination of moisture. 

In the Alipur Test House method about two grams of powdered ooal are 
weighed m a weighing bottle and heated in an air oven at a temperature of 
105°C. until all the moisture has been driven off and a oonstant weight obtained. 
This requires about two hours 11 In the description no specification regarding 
the dimension of the weighing bottle has been made This omission is regret¬ 
table. There are several types of weighing bottles, if the bottle be of narrower 
type a quantity of two grams will form a thick layer in the bottle and it will 
take a much longer time for the oomplete evolution of moisture. The writer of 
the present note has found experimentally that in the case of high moisture 
ooals, following Brodie’s method, it takes a muoh longer time (more than three 
hours) for the oomplete expulsion of moisture. Whereas using a pair of watch 
glasses of 2' diameter and taking one gram of ooal, aooording to the method 
of the British Fuel Research Board, the moisture oontent was completely driven 
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off in about an hour’s time. It is well known that in the determination of 
moisture the loss in weight is aotually the sum of two opposite factors, namely, 
one due to the evolution of moisture causing decrease in weight and the other 
due to prolonged heating causing an increase in weight by the incipient oxidation 
of ooal particles without any evolution of gas Hence we find that in order to 
avoid slow oxidation the moisture determination should be finished in the 
shortest possible time 

Now about the receptacle for coal it may be pointed out that the vessels 
should be properly and carefully selected and the author suggests that the 
recommendation of the British Fuel Research Board in this matter should be 
followed. 1 * Suitable vessels recommended by the Board are as follows.— 

( 1 ) Glass petn dishes about 10 mm high 
(u) Shallow silica dish 
(in) Shallow stoppered weighing bottles 

(iv) Watch glasses with ground edges held together with a dip Watch 
glasses with clip were also found to be the most effective drying 
vessel by W F Hillebrand. 18 

The Board points out that the weight of coal and the dimension of the 
dish should be arranged to give a layer of coal weighing not more than 0*3 gr. 
per sq. cm of exposed surfaoe 

A thin layer of coal on the watch glass will facilitate the almost complete 
evolution of moisture in about one hour’s time It has been already shown by 
the author that in the narrow type of weighing bottle the moisture could 
only be expelled by prolonged heating for several hours. And in such pro¬ 
cedure partial slow oxidation might ensue vitiating the result for real moisture 
value The author also points out that if the American method is followed, 
in the high moisture coals, the expulsion of moisture may not be oomplete in 
exactly one hour’s time, but on the other hand some types of ooal may require 
a little longer time The author therefore suggests that in the determination 
of moisture the American method should be a little modified as given below:— 

About one gram of the air-dned sample of coal (60 mesh) should be taken 
in a pair of watoh glasses, of about 2-inch diameter fitted with dip. Any 
other shallow vessel may be used but the recommendation of the British Fuel 
Research Board to which attention has already been drawn should always 
be borne in mind The watch glasses with the coal substanoe should be 
heated in a oonstant temperature oven for one hour at 105°C.-110°C. The 
pair of watoh glasses is taken out of the oven and allowed to oool in a desic¬ 
cator charged with oono. sulphuric acid and the first reading is thus obtained. 
Then every ten minutes the coal should be taken out of the oven, allowed to 
oool in the desiccator and weighed. The end point will be reached when a 
little increase in weight will be notdoed showing conclusively that the slow 
oxidation has started in the ooal substanoe. The previous reading should 
therefore be taken into acoount and calculation should be made aooordingly. 
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It has been found in practice that it is generally difficult to get a constant 
weight in the course of an operation to find out the moisture and hence it is not 
easy to follow the suggestion of Brodie to determine the moisture by heating 
to a constant weight 

About cooling the dried coal in the desiccator one word of explanation is 
necessary It is well known that powdered coal is capable of taking up a little 
moisture from the air but when perfectly dry or when dried at 105 6 C. it becomes 
highly hygroscopio and it has been experimentally found by the author that 
such dned coals, on exposure to air for even a short period, will show appreciable 
increase in weight Thus powdered coal (115 gram) exposed to air for two 
days was found to absorb 0 0017 gram of moisture while an equal weight of 
coal from the same specimen bottle when dned and exposed to air for one hour 
absorbed 0 0647 gram of moisture 

It has been shown by the South African Committee 14 on coal, by 
N W Lord 14 and also by W F Hillebrand 18 that coal dust after complete 
drying is excessively hygrosoopic, probably even more so than calcium chlonde 
From the above consideration it is needless to point out that in the determina¬ 
tion of moisture the desiccator should in all cases be charged with cone 
sulphunc acid and not with calcium chlonde This point has been lost sight 
of m the method published by Brodie 

In the process of weighing a little precaution is necessary to guard against 
the possible sources of error due to the reabsorption of moisture by the dned 
coals from the atmosphere, especially m the wet season Hence m the deter¬ 
mination of moisture the specimen should be weighed as quickly as possible 
It should be mentioned in this connection that the ‘inherent* moisture of coal 
should always be determined and the result given everywhere should indicate 
the percentage of the ‘inherent moisture* only To get nd of the superficial 
water the sample as received should be crushed coarsely and allowed to remain 
exposed at room temperature for at least two days before being subjected to 
chemical analysis for the determination of‘inherent moisture*. 

Now regarding the determination of volatile matter Brodie 17 has advocated 
two stages of heating The first stage of heating is done over a small bunsen 
flame for three minutes and in the later stage much stronger heating is applied 
for four minutes by subjecting the cruoible to the hottest part of the burner 
tV m internal diameter giving a flame V high; the crucible is then allowed 
to oool, the lid removed and the film of carbon adhering to the lid and a similar 
one on the side of the crucible are cautiously burnt off. The cruoible is allowed 
to oool again m the desiccator and when cold it is weighed. It is quite dear 
that the procedure is not sufficiently definite from a scientific point of view. 

We know that the volatile matter consists of gaseous and liquid products 
evolved from coal when it is subjected to destructive distillation and that coal 
is a mixture of substanoes possessed of different thermal stability. Volatile 
matter in coal therefore vanes according to the temperature employed and 
it also depends on the degree of fineness of coal, nature of apparatus, time of 
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heating and the amount of moisture. It is also known that the higher the 
temperature the greater will be the percentage of volatile matter Therefore 
the determination of volatile matter is a purely empirical procedure and 
concordant results can only be obtained by the adoption of a standard pro¬ 
cedure by heating the coal at a standard temperature for a standard length of 
time The dimension of the platinum crucible, the length of the flame and 
the position of the platinum orucible with respect to the burner should also 
be standardised Brodie has given sufficient details regarding the dimension 
of the burner and the flame, but very unfortunately he is silent regarding the 
other points 

If we refer to the standard methods adopted m different countries for the 
determination of the volatile matter we find that the temperature at which 
the ooal is to be heated and the period of heating are practically the same 
In the American 18 and the British Fuel Research Board 18 method the heating 
is maintained at about 960°C for exactly 7 minutes If we are going to have 
concordant results of a comparable type in the determination of volatile matter 
it is better that we should either follow one of the standardised methods as 
outlined in the other countries or we should modify it to suit our own require¬ 
ments But in the report regarding the method adopted m the Alipur Test 
House we find that the temperature factor has been totally neglected though 
the measurements of the burner and the flame have been accurately given 
A reference to the different standard methods will at once show that in the 
determination of volatile matter it is required from time to time to detect and 
check the temperature of the cruoible by means of a thermocouple or by melting 
potassium chromate crystals in the crucible Recent researches of D F Smith 
and F A Hartgen 20 of the U S Bureau of Mines have shown that the melting 
point of potassium chromate (C P) is about 963°C A reference to the above 
work also shows that according to the older views the melting point of potassium 
chromate was found to vary within oertain limits (between 940°C and 975°C). 
It has been pointed out in the standard methods 21 that specimens of ooal 
having a high percentage of moisture or occluded gases should be heated gently 
for two minutes or so over a small bunsen flame, in order to avoid mechanical 
loss by rapid escape of steam and volatile matter, before the crucible is sub¬ 
jected to seven minutes' full heating at 950°C ± 20°C. Aooording to Brodie ooal 
should be heated strongly for four minutes and not for seven minutes As the 
temperature factor has not been taken into consideration by Brodie and as 
the period of heatin g followed by him is also different from that generally 
adopted, it is quite dear that the result by Brodie’s method will not be oom- 
parable with those obtained by following the standard methods. Brodie 
does not appear to have given sufficient reasons for such deviation from the 
standardised methods adopted in America, ‘England, etc. Fluctuation in 
the pr essu re of gas supply, variation m the composition and quality of the 
gas, etc., may have some influence in maintaining uniform temperature. 
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From what has been said above it is quite clear that the standard flame of 7* 
hig h as recommended by Brodie may not always give in the laboratories 
situated in the different parts of India the desired and definite temperature of 
950°C ±20°C, at whioh the coal is to be heated for the determination of 
volatile matter. The writer of this note actually found m the laboratory that 
with 7' flame of a bunsen burner having about diameter, potassium chromate 
crystals could not be melted m a platinum crucible whereas with the same gas 
pressure the melting of potassium chromate crystals was effected by sub¬ 
stituting the bunsen burner with the meker burner (No 3 or 5). That the use 
of the meker m place of the bunsen burner is more advantageous has been 
shown clearly by F. H Wagner 88 who writes 

‘ The use of Meker burner is recommended by the Bureau of Mines in 
place of Bunsen burner owing to its superiority over the latter, 
especially for natural gas The construction of the Meker burner 
practically eliminates the fluctuating inner cone of the ordinary 
Bunsen flame, and thus produces a solid flame of fairly uniform 
temperature, this flame completely enveloping the bottom and sides 
of the cruoible * 

In order to overcome the fluctuating flame of the gas burner on account of 
excessive draught the British Fuel Research Board 88 has recommended the 
use of the Davies furnace, the utility of which was also pointed out by 
Cunningham Hughes 84 The author of this note also found this little 
apparatus of some use and suggests that in the case of fluctuating gas flame 
this type of furnace or some other kind of chimney as recommended by the 
U S. Bureau of Mines 88 may be used to secure a steady flame. 

It is seen therefore that in order to maintain the definite temperature of 
950°C.±20°C. for a definite penod of seven minutes, sufficient precaution is 
neoessary, but if an electrical fumaoe is available the above-mentioned diffi¬ 
culties can easily be overcome The U S. Bureau of Mines has reoommended 
the use of such an electric furnace for the determination of volatile matter. 
In the Lessing method 80 also we find that coal is to be heated in silica tube in 
an electno furnace for seven minutes at a temperature of 950°C It is 
needless to point out that in the electno furnace we have got an absolute 
control over the temperature and there is no possibility of any fluctuating 
gas pressure or the loss of heat by radiation 

From what has been stated above we may expect that the percentage of 
volatile matter obtained by following Brodie may be a little lower than the 
corresponding value of volatile matter obtained by following the standard 
methods either American or of the British Fuel Research Board A reference 
to the results obtained and given below shows that in the high moisture as 
well as in the low moisture ooals the percentage of volatile matter after the 
American method was greater than that determined by Brodie’s method. 
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High Moisture Coal 
(Btjbma) 

Low Moisture Coal 
(Ekra, Jharia) 


| Namma 1 

Kalewa 1 

| XI Seam | 

XIV Seam. 

% 

Vola¬ 

tiles 

Ash 

Vola¬ 

tiles 

Ash 1 

Vola¬ 

tiles 

Ash 1 

Vola¬ 

tiles 

Ash 

American method (modified) 

39 90 

3 70 

42 30 

3 00 

19 92 

18 82 

20 10 

12 80 

Brodie’s method 

37 80 

3 70 

40 40 

3 00 

17 23 

18 82 

18 50 

12 80 


After the determination of volatile matter the coal was burnt to ash 
and from the figures in the above table we find that the ash percentage remains 
the same m both the cases showing conclusively that there was no loss of coal 
particles during the time of heating. We also find that according to Brodie 87 
after driving off the volatile matter the lid of tho crucible has to be taken out 
while the soot deposited on the bottom of the lid and inside the crucible is to 
be cautiously burnt off This procedure of heating the crucible with the lid 
open in presence of air is undesirable as somebody may carry on the heating 
operation for a comparatively longer period and in that caso the coke may be 
partially oxidised In some high swelling coals the ooke fills up the entire 
height of the crucible and sometimes touches the hd, thereby making it 
impossible to open the hd Hence we find that the method introduced by 
Brodie cannot be universally applied with all types of coal Moreover, it 
has been found that the hd contains a negligible amount of soot when the 
American method is followed whereas an appreciable quantity of it remains 
on the hd and the sides of the oruoible when Brodie’s method is applied, showing 
conclusively that the temperature was a little lower m the latter case than in 
the former. 

From the above considerations we find that the method adopted m the 
Ahpur Test House to determine the volatile matter is not up to the mark and 
differs in some respects from other standard methods Henoe we are led to 
conclude that the procedure of Brodie should be modified before it can be 
regarded as a standard method for the estimation of volatile matter 

Certain discrepancies in results due to non-adherenoe to any standard 
method have been observed in the Geological Survey of India laboratory. 
It was found by Dr. Fermor [Rec. Ckol Surv Ind , Vol 62, pp. 192-194, 203 
(1929)] that there was a difference of as much as 6 per cent in the volatile 
matter of the same coal obtained in the years 1919 and 1928 and this difference 
was ascribed to a change of the crucibles and the lower gas pressure in 1919 as 
oompared with 1928. This shows that the temperature faotor was not given 
due im por tanc e during the time of analysing coal m the Geological Survey 
laboratory. 

The author of thi» note suggests the following procedure which is the 
American method with slight modifications: 





N. If CHATTERJEE * METHODS OF ANALYSIS OP COAL 


Method • 

Apparatus* Meker burner (No 3 or 5). 

Coal (60 mesh, IM M) 

Platinum crucible with tight-fitting lid Capacity 30 to 40 c.o 
Weight varying from 26 to 48 grams 

The position of the crucible should be about 2 cm above the meker burner 
and the flame of the burner should be about 16 cm. envelopmg the crucible so 
that no oxygen may have any acoess in the crucible About 1 gram of coal 
should be heated m the full flame of the meker burner for exactly seven minutes 
at about 960°C ±20°C If the flame becomes unsteady, the Davies furnace or 
any other device should be used to overcome the draughts In case of high 
moisture coals and cracking and salty coals and with those that decrepitate 
on heating due to large amounts of occluded gases, a preliminary gentle heating 
over a Bmall flame for about two minutes (the period of heating depending on 
the nature of the coal) will be necessary This preliminary heating should be 
followed by full seven minutes’ heating on the meker burner at 960°C ±20°C 
If in the case of some coals it is found that some fine coal partioles are aotually 
mechanically earned away on account of tho sudden evolution of a large 
amount of hydrocarbons that are produced at lower temperature, then a 
preliminary gentle heating will be necessary to avoid such a disaster After 
heating for seven minutes the crucible is allowed to cool undisturbed m the 
desiccator charged with cone, sulphuno acid and then weighed. The loss in 
weight represents the volatile matter expelled plus the moisture m the coal. 
Then the percentage of volatile matter is calculated The dimension of the 
crucible and the weight should also be standardised within certain limits, as 
unusually a big and heavy crucible will take away much heat before the desired 
temperature is obtained, whereas a smaller crucible of much lower weight will 
be almost immediately heated to 950°C 

About reporting the analytical results it has been the practice in some plaoes 
to submit the analyses of ooal on ‘moisture-free ’ basis In the Alipur Test House 
the ooal is dried to a constant weight at 105°C and then the dried coal is 
transferred from the weighing bottle to the platinum crucible and the volatile 
matter and the ash contents are determined from the dried sample. The mois¬ 
ture percentage is shown separately. 28 According to the standard methods 29 
undned coals are analysed for the determination of volatile matter and ash. 

The question whether the dried coal should be analysed has been discussed 
by the South African Coal Committee 80 and the U S. Steel Corporation 81 and 
they did not recommend the method of analysing dried ooal but were of opinion 
that the air-dned sample should be analysed and, if necessary, the amounts of 
volatile matter and the fixed carbon might be calculated on the ‘ moisture - 
free’ basis It has been shown by the present writer in the foregoing pages 
that it is difficult to "get a constant weight of ooal during the tune of driving 
off moisture and it is quite possible that on aooount of the highly hygrosoopio 
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nature of the dried coal, there might be some error due to the absorption of 
moisture, vitiating the results for the real values of volatile matter and fixed 
carbon The author is therefore of opinion that the method of analysing 
‘air-dried* sample and not tho ‘dried* sample should be standardised and 
introduced everywhere and the results thus obtained may be recalculated to 
give the figures on ‘moisture-free’ basis. 

Regarding the sulphur determination as adopted in tho Ahpur Test 
House, Brodie 88 has mentioned that the difference between the total sulphur 
in coal and the amount of sulphur present in the ash of the same coal is the 
amount of‘volatile sulphur’ A reference to literature 38 available on the 
detailed sulphur study wall at onco show that the term introduced by Brodie 
is rather misleading Tho amount of sulphur expelled during the complete 
combustion of coal is known as the ‘combustible Bulphur’ as distinct from the 
volatile sulphur which is the amount of sulphur that is driven off when the 
coal is carbonised at 960°C for tho determination of volatile matter The 
‘combustible sulphur’, however, mcludeB the total amount of‘volatile sulphur* 

Begarding the determination of ash, tho residue left behind in the crucible 
after driving off the volatile matter should be heated in tho flame in free access 
of air until all the carbon particles are completely burnt off with occasional 
stirring by a platinum wire The crucible may be heated with the lid open 
After complete combustion the ash may be carefully examined if any carbon 
particle has been left unbumt The end point will be reached by getting a 
constant weight 

The value of fixed carbon is estimated by deducting the percentage of 
ash from that of coke 

In conclusion the author wishes to draw the attention of tho coal 
producers and coal consumers to the fact that the proper valuation of coal 
from the results of proximate analysis is only possible when such analyses are 
done by some standardised method, and he thinks that as there is no fixed 
method adopted by the coal analysts in India the time has come when one 
definite method for the proximate analysis of coal should be standardised and 
adopted everywhere The author also drawB the attention of the National 
Institute of Soiences of India to this important problem 

The author has made an attempt to outline in the foregoing pages one 
suoh method for the estimation of moisture and volatile matter He also 
suggests that so long as there is no standardised method it is really necessary 
that every proximate analysis of coal published should be accompanied with 
a definite statement regarding the method adopted so that one may have a 
proper idea about the accuracy of the result 


* Bee CM. Sun). Ind., VoL 83, Pt. 2, pp. 192-194, (1930) 

• Quart. Jour Qeol Msn. Met Soc. Ind , Vol. Ill, pp 37-48, (1931), 
8 Technical Paper No 8, Bureau of Minee, pp. 12-17, (1913). 
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METHODS OF ANALYSIS OF COAL IN INDIA 

By C Fobresteb, AH WC , FIC , PhD, FRSE t 
FeUow of the Institute of Fuel 

There is probably no subject so pregnant with possibilities of dissension 
and acrimonious dispute than this hardy annual of methods of analysis of coal. 
The reason is obvious We still, after several decades of intensive research 
on coal, do not know much about it And when trying to analyse a substance 
whose chemical composition is still a mystery it is obvious that we cannot yet 
with confidence say that such and such a chemical procedure will give 
precisely such and such information about the substanoe We have, therefore, 
to fall back upon agreed-upon methods of investigation and, further, we have 
to impose upon ourselves this and that restriction as to conditions of eaoh 
experimental test, otherwise discrepant results obtained by different workers 
would merely be perpetual sources of disagreement and misunderstanding 

The rest of the technical and scientific world has long since agreed upon 
the necessity for adopting this attitude. India alone, it would appear, has not 
yet fallen into line and at this important stage m the development of industry 
in India, and especially at this stage in the history of mining and utilisation of 
coal m India, it is particularly unfortunate that it should still be necessary to 
reiterate the warning given by the author and others during the past ten 
years. Scientific research is progressing by leaps and bounds in this country 
and Fuel and Safety in Mines Research is at last coming into its own The 
tragedy of the position is that for want of agreement upon this most vital and 
fundamental matter, the adoption of and adherence to standard methods of 
analysis of coal, probably more than 90 per cent of the work done on coal 
in this oountry during the past decade is of little scientific value Years of 
otherwise valuable research work have been spent unprofitably and most of 
the investigational work that has been done will have to be repeated. 

This is a subject that many have written on in recent years. Probably 
the most important authentic recent reference m the literature in India is the 
paper by Brodie m the Records of the Geological Survey of India (Rec LXIH, 
1930, Part 2, 189) with the accompanying note by Fermor. Its importance 
lies not in the value of the methods outlined but in the fact that the methods 
described are not those approved by the scientific and technical world. The 
laboratory in which the methods referred to by Brodie is that in which are 
analysed the coals of our two most important coalfields and it is on the results 
of these analyses that ooals are graded in India. Further, it is largely on the 
grading thus achieved that the prosperity of the ooal industry depends. As 
no authoritative statement appears to have been issued to the contrary it is 
assumed that these methods are still in use and the consequences appear to 
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the author sufficiently important, both from the scientific standpoint and 
from the point of view of the industry, to justify examination. 

It is probably hardly neoessary to state that analyses of ooal are of two 
kinds, ultimate analyses furnishing information regarding the percentages of 
elements such as carbon, hydrogen, oxygen, sulphur, eto., in any ooal and 
BO-called ‘proximate’ analyses, indicating the proportions of what, for want of 
a better concise term, we may perhaps call the different components of a coal, 
the moisture, carbonaceous volatile matter, ‘fixed carbon’ and ash. In this 
Symposium it is assumed that all taking part are quite familiar with the 
meanings and full significance of those terms We here are concerned with 
aspects of the matter that particularly affect us in India, with such questions 
as ‘What differences are there between the methods used by various investi¬ 
gators?’ and ‘What justification, if any, ib there for departing from what is 
generally adopted elsewhere throughout the world ? ’ 

It is sufficient if we examine the methods at present accepted as standard 
and certain known examples of departures from those methods 

Fortunately the scope of our enquiry can be limited. So little work has 
so far been done on ultimate analysis of coal that even if it had not been done 
according to accepted methods little harm would have resulted But the 
methods that are suited for carrying out ultimate analyses ate m any case 
standard, or more or less standard, methods of chemical analysis throughout 
the world There is little nsk, therefore, of the results of such ultimate analysis 
as have been done being inaccurate on account of the methods employed 

It is when we come to proximate analysis that we encounter a different 
state of affairs. And it is one the importance of which it is extremely difficult 
to impress upon anyone who has not himself performed such operations as 
are involved, still less anyone who is not himself a fuel technologist or even a 
scientifically trained person The various ‘components’ are dealt with below, 
after reference to Preparation of Sample. 

Pbepabation of Sample. 

Perhaps a preliminary reference to Collection of Sample should be 
incorporated here It is remarkable how this fundamental preliminary is 
improperly attended to and what extraordinarily stupid mistakes can be made 
when submitting samples for analysis. It is still no unusual experience for the 
author to be presented in his laboratory with a single large lump of coal with 
the request to have it analysed for the purpose of judging the quality of a 
seam of ooaL It is needless to point out that in such a case it is almost 
unquestionably a waste of time even to carry out the analysis. The mining 
publio and buyers and sellers of ooal still require a certain degree of education 
in this matter. It must be admitted, of oourse, that extremely stringent 
conditions regarding "the taking of a perfectly representative sample need not 
always be observed. There is such a thing as exercising discretion. 
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An important preliminary to preparation for the actual analysis is the 
removal of surplus moisture The Fuel Research Board and most other 
official authorities specify that the sample weighed out for analysis shall be 
air-dned Now air-drying is admittedly an unoertam procedure, especially m 
a tropical climate, and yet it is conceivable that we can agree upon a method 
to suit India Drying inside a laboratory for 24 hours by laying the large 
sample out in a layer on a bench would appear generally to be suitable, except 
during the wettest period of the monsoon. During the cold weather and the 
hot season the author finds it sufficient to lay the large sample out on a verandah 
(on a sheet of dean paper), gently stirring it about from tune to time especially 
if it is visibly wet Obviously the amount of moisture still adhering will 
depend to a certain extent upon the degree of humidity and the atmospheno 
temperature on the day on which the sample is dried. This would appear to 
be a useful line of research for a beginner in this work. 

Apart from selecting a method for preliminary drying it is important 
also to note that the amount of loosely-held moisture thus lost may have to 
be determined. Agreement between the coal supplier and the analyst is 
essential in this matter. 

The method adopted by the United States Steel Corporation for air- 
drying of visibly wet samples might well be adopted for Indian conditions 
It oonsists of passing over the sample a continuous stream of air, at a tempera¬ 
ture of 10° to 15° Centigrade above room temperature, until the sample is of 
approximately constant weight. But it also applies a maximum temperature 
of 36°C. (95°F.) which would not always suit Indian conditions Perhaps 
it may prove neoessary to discontinue attempting in India to do accurate 
scientific fuel analysis in oertam seasons. 

Apart from the matter of air-dry mg we come to powdering the gross 
sample. The Fuel Research Board specifies 60-mesh powdered ooal. This is 
practically universally prescribed and should be adopted in India. The 
crushing and sifting, of oourse, should be done as expeditiously as possible 
to avoid oontmual loss of moisture in the process. 

Moisture. 

Here again we oome to a determination on which it is absolutely essential 
that we agree. The standard method prescribed consists in heating one 
gramme of the 60-mesh air-dned ooal for one hour in an air oven at a tempera¬ 
ture of between 106°C. and 110°C. Now mere heating in an air oven at the 
prescribed temperature is not sufficient. The air in the air oven must be 
changed several times during the heating In well-equipped laboratories 
specially designed air ovens are available for this purpose. Where such luxuries 
are not available the author suggests gently opening the door of the air oven 
till it is as wide open as possible and then closing it again, choosing a time 
when the temperature has risen to 110° or nearly so. Experience shows that 
consistent results oan thus be attained without any further elaboration of 
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apparatus. When the author is carrying out a large senes of analyses at a 
tune he relies upon the simple expedient of opening the oven door at approxi¬ 
mately 10-mumte intervals, using a laboratory alarm clock when available. 
When the laboratory alarm is in use for other purposes he times the opening 
of the oven door by the time taken for determining volatile matter in other 
samples. By this means, maintaining a temperature of about 110°C. in the 
oven, the moisture-laden air at that temperature is periodically swept out and 
replaced by fresh, comparatively dry air which soon attains the temperature 
of about 106°. 

In determining moisture it must be remembered that the layer of coal 
should be evenly spread over the dish. The Fuel Research Board specifies a 
layer not more than 0*3 gm per square centimetre of exposed surface. The 
Government Test House method described in the paper referred to above 
allows for taking ‘about 2 gm in a weighing bottle’ Presumably a fairly 
thick layer of coal results and it would appear as if the moisture-laden layer of 
air immediately above the heated coal does not have a reasonable opportunity of 
escaping, and the remaining moisture in the coal underneath is not likely to 
be fully driven off. 

This is a matter of great importance in India as the grading of coals 
depends to a large extent upon the amount of moisture thus determined In 
this respect the Government Test House (if it still adheres to the methods 
described by Brodie in the paper referred to) differs from practically all other 
experimenters and m consequence the grading of coals in India by the Indian 
Coal Grading Board cannot, m the case of high-moisture coals, be that calculated 
by any experimenter using standard methods. 

This is a matter on which agreement should be aimed at. 

Volatile Matter 

In determining the amount of volatile matter other than moisture, the 
standard method prescribed a platinum crucible with tight-fitting lid, the 
crucible of particular dimensions, the using of exactly one gramme of 60-mesh 
air-dried coal and heating for 7 minutes to 926°±26°C. Platinum crucibles are 
expensive and many analysts may have to be oontent with poroelain crucibles 
and Bunsen burners It is true that results of value to the industry for most 
practical purposes may be obtained by the cruder method. The standard 
method does not specify the use of an electric furnace, but points out that where 
an electric furnace is available poroelain or silica crucibles may be used. For 
accurate work, for grading and for all research work the r -platinum crucible 
must be used if no electno furnace is available, and there must be some aoourate 
method of ascertaining that the oorrect temperature range has been attained. 

The author uses at present an electric muffle furnace always maintained 
at about 950°C. The frequent opening of the door causes the temperature to 
fall and in praotioe tlie range 926°±26°C. is attained with little difficulty. Ash 
determinations are not earned out in this furnace. Where an electno furnace 
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is not available some sort of Bhield is neoessary to ensure that the Bides and 
top of the crucible are more or less uniformly heatod If one of the approved 
Davies type cannot be made up, a useful expedient is to surround the crucible, 
when it ib on the pipeclay tnanglo, with teased-out stringy asbestos This 
acts as an excellent radiator of the heat of tho burner flame and a light layor 
of the same material on the lid completes the furnace effect 

Some experiments prescribe removing the lid of the crucible and burning 
off the ‘coke’ layer formed thereon That should not bo done There are 
other precautions to be observed, but it will probably be agrood that they are 
not materially affected more by Indian conditions than by those in other 
countries and, accordingly, thoy are not discussed hore 

Fixed Carbon 

As this ‘component’ is detenmnod arithmetically it will not bo discussed 

here 

Ash 

Owing to the important chemical changes that may tako place in the 
mineral matter presont in a coal in tho course of burning it, tho temperature 
to which it is hoatod may greatly affect tho weight of rosidue obtained In 
order to numnuse discrepancies due to this causo tho standard mothod prescribes 
a temperature of from 750° to 800°C Tho sample is heatod for one hour (or 
till constant m weight) in an oxidising atmosphere The author uses a muffle 
furnace kept at a temperature of about 780°C The Government Test House 
method described in the paper referred to above prescribes a temperature of 
1000°C The Test House method referred to also uses, for this determination, 
the coke obtained from the volatile matter determination Although coke is 
usually rather more difficult to burn to ash than coal tho uso of the coko 
obviates the difficulty that arises in the case of coals liablo to mechanical 
loss through the coal splitting up on initial heating If the extra time required 
for using the coke can bo Bpared, therefore, the procedure ih a useful ono The 
temperature prescribed, however, is much too high and is liablo to give in¬ 
accurate results in those mstancos where kaolin, gypsum, some carbonates, 
common salt, eto (liable to decomposition or volatilisation at the higher tom- 
perature) are present Whether there is much nsk of error from this cause m 
Indian coals is not known at present This would bo an interesting and 
important line of research. 

Determination of Calorific Value. 

Almost the only important statement to make m this connection is that 
no calorific value that has been determined otherwise than in a first-class 
bomb calorimeter should be given serious attention Other methods of 
ascertaining approximate calorific values have their uses. The author himself 
has devised a formula for calculating calorific value from the data of the 
*4 
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proximate analysis and it has proved extremely useful as a check But such 
calculation methods should not take the place of the use of the bomb, and other 
oruder apparatus suoh as the Lewis-Thomson calorimeter are only of use for 
purposes of rough comparison 

Method or Reporting Analyses 

There are several ways m which the results of a Proximate Analysis can 
be reoorded For example the amount of loosely-held moisture lost during 
air-drying may have to be recorded and that should be kept m mind pnor to 
preparing the sample for the laboratory Then the amount of moisture found 
by drying the 60-mesh air-dried coal m the air oven at between 105°C and 
110°C may be shown in the total analysis, or a separate analytical statement 
regarding the moisture-free coal may be given, but in the latter event there 
must be some manner of showing what amount of moisture was present. 
Normally it is better to give a doublo or triple statement showing the analysis 
of the coal (a) as received, (6) as ‘air-dried sample’, and (c) moisture-free 

Then it is frequently desirable to indicate the composition of the ‘pure 
coal » e the combustible substance originally present in the coal. A statement 
of analysis on such a basis is described as being given ‘on the dry, ash-free 
basis’ The above are the most usual types of statement used or asked for 
We have in India yet another type of statement, the one used officially by the 
Indian Coal Grading Board In effect it is to some extent a compromise 
between the standard ‘air-dried’ sample mothod of recording and an ‘oven- 
dned’ sample method In the single statement recording the results of the 
analysis the amount of moisture is shown (as determined in the air oven) and 
then the remaining items of the orthodox proximate analysis are shown, but 
they (without the moisture at the head of the statement) total 100 Including 
the moisture shown in the analysis the total, of course, would come to more 
than 100. 

The calonfio value is, in the standard method, shown for the coal according 
to the method of recording the results of the proximate analysis For example 
if the coal has been air-dned the calorific value of the air-dned coal is shown 
If a separate statement of the proximate analysis of the moisture-free coal or 
the ‘dry, ash-free ’ coal is given then the calorific value as actually determined 
is re-calculated on the same basis and shown in the adjusted statement. 

The reason for referring in such detail to this matter is that on account 
of the lack of agreement m India as to the method to be adopted to show the 
results of proximate analyses there are serious discrepancies in interpreting 
them. 

Fortunately the discrepancy is not a serious one m the cases of the majority 
of Jhana Barakar ooals, whose moisture content is seldom more than one 
per oent (though the error referred to below exists even in those cases). But 
in the case of high volatile coals there cannot but be reasons for misoonoeption 
when critically examining the statements of analysis recorded by the Coal 

MB 
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Grading Board method, and those of us who are concerned in the winning, 
preparation and utilisation of coal m India should bo fully alive to the 
possibilities of error 

A high-volatile coal, for example, usually, in India, contains a high 
percentage of moisture that would be dnvon off m tho air-oven A high- 
moisture high volatile Ramganj coal, containing about 7% of moisture, may be 
taken for tho purpose of illustration The statement of analysis of such a coal 
according to tho sovoral possible methods is given below and will repay dose 
examination 

There are two important effects that operate m opposite directions, when 
judging the value of a coal by examining the analysis as reported according 
to standard mothods and according to our official practice in India The 
first is that the Indian official practice shows a high-volatile coal as having a 
higher calorific value than it really has, in the example given the calonfio value 
being recorded as 6,458 calories per gramme, whereas the calonfio value of 
the coal ‘as received ’ is only 6,841 oalones and that of the air-dned coal only 
6,000 

On the other hand, the same coal is showD by the official Indian method 
as havmg 14 60 per cent of ash whereas the coal as received has only 13 21 
per cent of ash and the air-dried coal only 13 52 

In other words the official Indian method of reporting coal analyses accords 
to high-volatile moist coals a relatively better calonfio value and a relatively 
higher ash content than it does to low-volatile coals If the one effect oanoelled 
or ‘neutralised ’ the other no great harm would result, but that does not happen 

Apart from tho unrealised possibility of these two effects tending to 
neutralise each other it is more important to note that the official Indian 
Statement or Report of Analysis does not readily inchoate to the purchaser 
what he is buying. 

Statement or Analysis or a Hkjh-volatilh Indian Coal accord imu 
to DirrHBBNT Methods or Reporting 
Statements according to internationally-accepted standard meUwds compared 
with 0 GB. method 



Coal as 
received. 

Air-dr ted 
coal. 

Calculated 
to dry-aah- 
free basis 

Coal Grading 
Board 
method. 

Moisture 

Volatile matter lees moisture 
‘Fixed carbon* 

Ash 

Colour of ash 

Character of poke 

Calonfio value. (Calories over 
gramme) 

956 

28 49 

48 75 

13 21 

Light reddis 
Moderately < 

740 

29 19 

49 89 

13 52 
i brown, 
ooherent. 

36 92 

63 18 

740 

3150 

03*00 

14 60 

5,841 

8,000 

7,060 

6,458 
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It will probably be agreed by all fuel technologists, and it ought to be 
agreed by all sellers and purchasers of coal m India, that this anomalous 
position should be rectified 

Unfortunately, olosoly bound up with this matter of adopting standard 
methods of analysis and of reporting the results is the whole commercial system 
on which has been built up m recent years the stability of the Indian coal 
trade There is naturally a fear, among mining mtorosts, that any ‘tampering ’ 
with the present system of grading of coals would endanger tho trade The 
author does not agree In order to rectify the matter it would not be necessary 
either to abandon the present system (m general) of grading coals nor would 
a coal at present in any particular grade bo placed m another grade All 
that would be necessary would be to adhere to the existing grading and, m 
re-wording the specification according to which tho grading is at present carried 
out, the arithmetical changes necessary would be calculated and applied to 
grading of coals submitted for grading in the future Except in so far as a 
very few particular coals might be found to be graded too low or too high 
according to the present method of reporting, no material change would take 
place And purchasers would be better able to compare one coal with anothor, 
which they cannot satisfactorily do at present 

Other Determinations 

It is not considered necessary to refer m detail to the other components, 
such as sulphur and phosphorus, as are sometimes determined, as no particular 
difficulty arises that is peculiar to India But reference may with advantage 
be made to one test tho importance of which is growing, namely, the deter¬ 
mination of the fusibility of coal ash Comparatively few coal ash fusibilities 
have been determined so far and fuel technology laboratories that are to be 
fitted up in future m this country should be capable of making this determina¬ 
tion The author has a small amount of information on this subject, mostly 
of a confidential nature, but hopes shortly to be able to publish an authoritative 
statement regarding a large senes of Indian coals Pending the liberation of 
that information it is sufficient to indicate some temperatures likely to be 
reoorded 

A selection of Ramganj coal ashes was found to soften at from 1140°C 
to I290°C, their fusion points being shown to be from 1250°C to 1420°C 
The corresponding figures for a small selection of Jhana coal ashes were 1200°C. 
(for softening point) and 1230°C. to 1266°C (for fusion point) A mixture of 
Jhana coal ashes gave a softening point of 1100°C. and a fusion point (complete 
fluidity) of 1260°C These determinations were made in a normal oxidising 
atmosphere. [Note Later information gives a muoh wider range for ooal 
of both those fields ] 

It will be noted that, as might be expected, the mixture of Jhana coal 
ashes began to soften well below the softening point of individual samples from 
the same field. 
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There is probably only one other point that calls for speoial comment 
and that is the determination of oxygen as well as of ‘fixed caibon’ The 
amount of oxygen in coal is usually determined by calculation, after taking 
into account the distribution of tho various other elements and radicles known 
to bo present in the coal, and the amount of fixed carbon is determined 
arithmetically ‘by difference’ But it is impossible to say in what form the 
incombustible mineral matter that gives rise to tho ash exists in the coal and 
it is definitely known that the amount of the ash may be, and usually is, less 
than tho amount of mineral matter that producod it An average of soven- 
eighths is frequently assumed, but the matter is an extremely complicated one 
and much research work, especially by the well-known American worker 
Parr, has been devoted to this subject. The average figure referred to means 
that a coal shown to have 14% of ash may really contain 10% of useless 
mineral matter In consequence the figure shown in the Report of Analysis 
for Fixed Carbon is too high and, in consequence, the classification of the coal 
by tho usual methods is incorrect For similar reasons the determination of 
the amount of oxygen in Indian coals cannot yet be accurately earned out. 
This is an important field for the research workor 




COAL CLEANING AND BENEFICIATION IN INDIA. 


By C Forrester, AH WO, FIC, PhD, FUSE, 

Fellow of the Institute of Fuel 

Tho subject of cleaning of coal is, in India, one that has probably received 
a greater amount of discouragemont than any other affecting tho winning 
and utilisation of coal Comparatively little has 1m done in the matter of 
either research work or practical experiments As fai as Indian conditions 
are concerned, therefore, there is unfortunately little that can with confidence 
be said on this subject and what little is known mainly concerns Jhai la and 
Ramganj coals In this connection Mr Innes’ remarks m his paper (thw 
Sympo&vum) on the marketing of coal m India am worth special attention 
The beneficiation of coal may be effected m several different manners, 
for oxample by hand-puking underground or (more usually) on the surface, 
by carefully planned screening, by ‘washing’, * e by removal of heavy (and 
therefore high-ash) material by tioatraent in currents of water or by liquids of 
selected specific gravities, by ‘dry cleaning ’, utilising various physical properties 
of coal and shale or stone such as coefficient of fnction, elasticity, resilience, 
etc, and so on All these processes are based on the assumption that stony 
material occurring along with coal is to a large extent separated from the 
better quality coal in the ordinary processes of mining and the subsequent 
normal preparation of the coal for tho market 

Most practical mining men in India assert that the bulk of the aah-forimng 
mineral matter m Indian coals is much more intimately mixed with the coal 
substance than is the case m countries (e g Britain) where ooal cleaning is 
extensively employod To a largo extent that is true and it must bo accepted 
as an unfortunate fact that coal cleaning methods are much less likely to meet 
with success and universal adoption in this country than in most other 
countries But other countries possessing coals very similar to those found in 
India have taken up this matter Benously and the mining industry of India 
will be committing a grave mistake having effocts lasting for many geneiations 
if it does not maintain interest in this subject 

As with so many other problems that interest the scientist there are 
senous economic aspects of this question We have not yet, however, reached 
the stage at which the economies of the matter can be profitably pursued and 
it is not at present proposed to deal with them. For the purposes of this 
note, therefore, we shall deal with the scientific aspects and suoh practical 
aspects other than economio that the information available justifies referring to. 

There is already in operation in India a kind of ooal oleanmg imposed, 
in a sense, on the industry hut it is the most expensive and least efficient 
ooal cleaning in the world. The conditions in which the Indian Coal Grading 
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Board issue Grading Certificates are such that all colliery concerns that desire 
to obtain, and retain, such certificates must exercise a wholesale selection of 
the better portions of seams and also a considerable amount of hand-picking 
both underground and on the surface It only requires a few visits to selected 
collieries m both the Raniganj and Jhana coalfields to realise the extent to 
which shale and stony coal do exist in a separable form The author is 
inclined to wonder whether the coal mimng industry realises the full significance 
of this fact when considering coal cleaning But thero is a more important 
aspect of this that dosorves greater attention that it recoives It is an inevitable 
consequence of the Coal Grading Board method of grading coal that, in order 
to retain a certificate, certain lower grade portions of seams are left underground 
A small fraction of one per cent in ash or calorific value may frequently decide 
in favour of or against a considerable proportion of our coal reserves and tho 
slow adoption of the principles of buying and selling accordmg to specification, 
allowing for penalties and premia for departure from the specification, cannot 
but militate against the adoption of proper cleaning processes 

The present author has not collected data regarding the results of hand¬ 
picking and his figures relating to portions of seams left unnamed on account 
of tho practical and economic difficulties at present in the way of the adoption 
of modem methods are insufficient to justify quotation This reference may, 
therefore, be taken as an invitation to practical mining men to give the rest 
of the industry, and scientific friends of tho industry, fuller information that 
may aid in furthering the cause of coal cleaning and thus serve the industry 
as a whole 

So far as regards the more commonly used methods of cleaning, particularly 
‘washing’, little or nothing has been done in India, or if it has been done the 
literature does not help us much One firm has in recent years carried out 
practical experiments in drj cleaning, using tho Bemsford separator, with 
encouraging results But dry cleaning processes are not generally likely to 
be so suitable for Indian coals as wet processes The differences between 
‘ coal ’ and ‘dirt ’ or ‘stone ’ are not so clearly defined The gradations between 
the various qualities of coal are too gentle and it is in the opinion of the author 
doubtful whether dry cleaning methods are ever likely to be favoured 

One special method of cleaning of coals utilises the principles employed 
in the froth flotation of ores and this process has also been tried, though only 
in the laboratory, for the treatment of Indian coals The work is reported 
on in the Records of the Geological Survey of India (Vol. LVI) and was carried 
out as long ago as 1924 by W. Randall. Compared with more recent investiga¬ 
tions this report cannot now be regarded as affording us muoh reliable informa¬ 
tion about the cleaning of Indian coals. Modem methods of investigating the 
possibilities of cleaning coals require the construction of waahability curves 
Muoh' useful work oh this subject awaits the investigator and it is not unduly 
difficult to do. 
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Perhaps the only published results of such investigations are those of the 
author, appeanng as part of a paper on the Barakar Coals of the Jhana Coalfield 
(Trans Mm Otol Inst Ind., XXX, 1936) The work therein recorded relates 
to Jhana coals only, though a similar investigation (the results of which have 
not yet been published) had then been earned out on a selection of Bamganj 
coals 

Along with this work on washability the author also examined the same 
senes of coals by X-rays with a view to mdicato the manner of occurrence of 
the high-ash material m the coals The results of these two lines of investiga¬ 
tion can appropriately bo referred to together Considerations of space m 
publication and time at our disposal m this Symposium, make it desirable to 
summarise conclusions rather than to develop arguments 

Apart from wide stono bands and other oasily recognisablo high ash 
bands in seams, high-ash portions of Barakar coals cannot bo readily removed 
from large size or so-called ‘steam’ coal In this respect, of course, Indian 
coals do not differ very senously from the best British coals Most profitable 
washing processes do not apply to large size coal It is when we come to 
examme the possibilities in respect of the smaller sizes of our coals that the 
difference is striking—and no doubt discouraging Large rubble coal obtained 
in the ordinary course of mining in say Britain may, and frequently does, 
contain innumerable pieces of stone and/or high-ash material This oan be 
easily separated by almost any simple washing plant The same cannot be 
said, m general, about Indian coals, or, rather, it cannot be said about rubble 
of the same size, and it will probably have to bo admitted that it cannot at 
present be said about any coal above say 2-mch in size, always excepting, of 
course, wide stone bands, etc , already referred to The abandonment of the 
present grading system would m all probability completely alter every aspect 
of this question 

It is when we come to the smaller sizes of screened coal that the possibilities 
of cleaning on a large scale become more attractive A gam excepting the wide 
stone bands,eto ,at present deliberately left tn situ or hand-picked underground, 
we find that even the carefully selected coal can to some extent yield up 
varying proportions of high-ash material The washability curves of 23 Jhana 
coals appeanng m the paper referred to above indicate that the smaller 
sizes of our Indian coals might respond to normal washmg processes In 
considenng the practical implications of these curves it must be kept in mind 
that they record the result of investigating crushed clean run-of-mine coal 
already selected for despatch as comparatively good coal If the methods of 
winning were such as to include a greater proportion of stony bands and high-ash 
ooal, for separation on the surface, the slack ooal would in all cases have shown 
a remarkably higher degree of benefioiation. Here is another direction in 
which much useful experimental investigation awaits the research worker 
The results of suoh work would go far to ohange the whole attitude of the 
mining industry to the subject of washing. 
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There is a subsidiary aspect of washing of coals in India that has not 
received the attention that its importance—its practical importance—merits. 
It is an aspect that only the iron and steel manufacturer fully appreciates 
There is no surer source of inefficiency and waste in blast furnace operation and 
foundry work, and probably to a less extent m steel manufacture, than a 
supply of coke of widely varying ash content Alternatively stated, it pays 
the blast furnace manager to work with a comparatively high-ash coke whose 
ash content, and the chemical nature of whose ash, do not vary appreciably 
over very long periods, rather than to work with a large senes of cokes of 
different quality the ash contents of which are all comparatively low but vary 
within several points per cent as well as chemically 

The practical results achieved m the laboratory by the author were, 
as already suggested, not all encouraging As muoh as 26 per cent to 30 
per oont of the crushed or slack coal had to be rejected to lower the original 
ash content by one-quarter of its valuo But there were cases where as little os 
6 per cent rejection offocted the same benefioiation Remembering again that 
those tests were earned out on comparatively clean crushed coal the conclusion 
that appears to be justified is that washing of slack coal obtained by mining 
the whole of a seam (without rejection of coal of intermediate quality m order 
to ‘get into the grade ’) would undoubtedly give excellent results, and of oourse 
add to the total output 

Another result of such lowering of ash oontent, quite apart from the amount 
by whioh it is lowered, is that even a small reduction in ash content may be 
accompanied by (in fact, duo to) the removal of highly injurious constituents 
of the ash, especially sulphur compounds as those occur in the heavier fractions 
removed in washing 

Yet another practical aspect of this subject is oonoorned with screening 
and the accumulation of vitrain m smalls It is now well recognised that some 
Barakar seams, especially, ui the opimon of the author, those m the Jharia 
coalfield, oontain unusually friable vitrain In the ordinary course of mining, 
this vitrain naturally becomes hborated to a degree corresponding to the 
extent to whioh the coal is ultimately broken up for despatch. The greater 
the amount of rubble produoed the greater the amount of vitrain that is 
likely to be liberated Vitrain has always a much lower ash oontent than any 
other portion of ooal, the author’s experiments give ash contents as low as 
2 5% for vitrain of specific gravity below 1*3 (One sample from No. 14 Beam 
in the Jharia field gave the unusually low figure of 1*525% for ash) It is 
obvious that an accumulation of suoh low-ash material will have a beneficial 
effect on the slack ooal among whioh it accumulates. The lower ash content of 
slaok ooal as compared with the steam ooal from whioh it is derived and with 
the rubble (whioh has consequently, of oourse, a higher ash oontent than the 
steam ooal) is a well known faot. But there is another interesting faot 
that merits attention. This enrichment of small ooal does not prooeed 
indefinitely. If a careful screening test is carried out on run-of-mine ooal. 
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especially coal that has been maohine-mined, cutting having partly taken place 
in an undulating stony floor, the very finest material, i.e dust finer than say 
90-mesh, may have an exceedingly high ash content, e g 60-66% Such high- 
ash dust can be removed by pneumatio methods, eg by allowing the fine coal 
to fall down a senes of inclined shelves, between which a current of air is 
blown or sucked by an exhaust fan The whole opoiation is carried out m a 
suitably designed tower and the air rising to the top oarries with it the high- 
ash dust The process is well known as ‘de-dusting’ De-dustmg of coking 
slack may yet prove in this country to bo a useful adjunct to the other coal 
washing operations, and is in fact likely to be adopted moi'e particularly in 
connection with the cleaning of coking slack, not only to reduce ash but also 
to aid in draining of the washed product and to avoid slurry problems 

In opening discussion on this kind of subject it is presumably not desirable 
to attempt to indicate what different kinds of industrial plant are likely to be 
adopted m India should coal washing becoino a common practice But the 
preliminary study that has so far been possible suggests the likelihood of the 
Reolaveur type of washory being particularly suitable for the treatment of 
coking slack in this country The author favours investigations by the coking 
and iron and steol industries into the possibilities of installing two or three 
collecting oentres for washing slack by a plant of that typo prior to shipment 
to the ooke plants Alternatively one of the moie recent specific gravity 
processes (e g ohance) offer definite attractions, as they can be applied to 
unscreened coal 

In conclusion of this brief summary of the position it may be suggested 
that muoh useful practical work can be done on Indian coals to provide tho 
industry with statistics and the results of laboratory investigations, and 
especially work on run-of-mme coal from the whole of a workable seam, as well 
as on the slack from the same seam Puller detailed information is required on 
this most important and essentially practical problem 




COAL CLEANING AND BENEFICIATTON 

By E R Gkk, M A (Cantab ), F 0 S , Geological Survey of India 

It is now rocogmsed that at leant a largo majority of tho coals of India 
are diffioult to clean by any known wot or dry process This is duo to the very 
fine state of division of much of the mmoial matter and to its vory intimate 
association with tho coal substance 

One might well enquire the reason for this unfortunate eharactoristio of 
most Indian coals as compared with many coals in Europo and America 

The writer suggests that it is due to tho fact that tho <oal seams of India— 
at least the Gondwana soams—arc of drift formation in contrast to an tn situ 
origin There is definite goological evidence in favour of the formation of the 
Gondwana seams from vegetable debris that has boon carried down by rivers 
into low-lying tracts presenting conditions suitable for its accumulation 
During the course of transit, finoly divided mineral matter would undoubtedly 
become associated with tho organic debi is and would also tend to impregnate 
tho latter when it held partially decomposed into a soft gelatinous mass As a 
result, this mineral matter would becomo intimately associated with the coal 
substance 

But, in pronouncing judgment on the possibility of cleamng tho coals of 
India, one must remember that washability is a relative factor and the limiting 
oconomio conditions of one country or evon of one particular area may be 
quite different from those of another 

Thus, although it will probably be economically impossible to clean Indian 
coal so as to yield a product containing less than 12 per cent of ash, it does 
appear likely that the washing of infonor grades—particularly the Barakar 
seams of oolong property—from an ash percentage of 20 to 26 down to some 
12 to 16 This possibility has reoently boen referred to by Mr A Farquhar 
in his Presidential Address to the Mining, Goological and Metallurgical 
Institute of India Fine grinding, prior to washing, will doubtless be necessary 
and this will obviously enhance the cost appreciably. 

On aooount of the intimate nature of the ash, an appreciable proportion 
of coal substance will doubtless remain along with the ‘refuse’ (the ‘sinks’) 
and the amounts of‘refuse’ will no doubt be relatively large. Much of it will 
contam a percentage of ash as low as some 26 to 36 per cent. In view of the 
fact that pulverised coal containing up to 40 per oent ash ean now-a-days 
be burnt suooessfully m furnaces fitted with suitable burners, it may well be 
possible to utilise much of the pulverised ‘sinks’ for steam-raising 
Obviously, it would not pay to transport this high-ash fuel to any great distance 
but, in oonjunotion with any large industrial schemes in the coalfields, such as 
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the electno generating plants suggested m this Symposium, the use of this 
cheap fuel might deserve consideration 

As mentioned previously m my note on the ‘storage of coal*, m any large 
enterprise involving pulverisation, the question of spontaneous combustion 
will have to be considered, though the liability to spontaneous ignition will 
no doubt be muoh less m the case of the high-ash products than with the 
relatively low ash coal 

The subject is one on whioh considerable research is neoessary both in the 
laboratoiy and on a larger scale, the possibilities of sucooss are, I consider, 
not unpromising 



SUL PH UK IN COAL 


By N N Chattebjek * 

The presence oi sulphur in the Tertiary coals of India attracted the notice 
ot early workers 1 and in tho analytical results published only total sidphur 
was recorded Moreover as gianulos and lumps of pynto were easily deteotcd 
in the hand speoimens the sulphur content ot tho coal was attributed chiefly 
to pyrite by almost all tho workers in India It has long been known that 
the high grade coals of Upper Assam on account of large sulphur content 
could not bo efficiently utilised lor many important uses Richard Smith, 2 
however, m discussing the analytical results of Makum coals suggested that 
sulphur might be present m tho coal partly m orgamc constituents and partly 
as iron pyrite and probably as sulphates But m the analyses published he 
recorded the amounts of total sulphur only 

Though tho presence ot sulphur was noted by early workers and tho 
railway authorities m Assam the knowledge legmdmg the sulphur compounds 
in the Tertiary coals ot India was very meagio and no detailed work m this 
line was published It will bo pomted out m a succeeding chaptei that the 
total sulphur is uot tho only factoi to be considered, but tho amounts of different 
sulphur forms should be deternuned before any coal is reoommendod for 
particular use. 

It may be mentioned m tins connection that on account ot tho researches 
of Powell and Parr 8 our knowledge regarding sulphur in coal has recently 
been greatly widened As a result of investigations it has been found that 
sulphur in ooal generally occurs in four different forms, namely (i) Pyritio 
sulphur; (u) Sulphate sulphur, (in) Organic sulphur, and (iv) Freo sulphur. 

The present author had an opportunity of studying a numboi ot high 
sulphur Tertiary coals of India and he is highly mdebtod to Dr Fox for 
extending facilities for this work and also for his valuable suggestions. 

It will not bo out of place bore to mention something regarding the 
souroe and origin of sulphut compounds in coal It may be pomted out that 
the ooals formed under fresh water conditions have always a very low total 
sulphur content, whereas the coals formed undei maiine and brackish water 
or estuanne conditions have always a very high peicentago of sulphur. This 
question has been discussed by several eailier workers who think that both 
pyntes and orgamo sulphur oompounds are better developed under ostuanno 
and marine water by biochemical processes helped by sulphur secreting 
baotena (see Clarke—Data of Geo-chemistry, pp 160,618) A certain amount 
of sulphate and pyrites is also formed by pure ohemioal processes. 

* Department of Geology, Calcutta University. 
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The sulphur compounds in coal might have been derivod from various 
sources and in different ways as summarised below — 

( 1 ) Organic sulphur compounds originally present m the plants that 
are ultimately converted into coal Small amounts of organic 
sulphur compounds (proteins, etc) from vegetable debris are 
gradually concentrated in the final ooal substance, as we know 
that about 10 ft of plant debris get compacted and reduced to 
make only one foot of coal seam 

(n) The soil on which the plants grew might havo been rich in sulphur 
salts and sulphur secreting bacteria and the plants might havo 
thus obtained a sufficient supply of sulphur compounds and, after 
assimilation, these salts were probably rotamod as various organic 
sulphur compounds, besides some inorganic sulphur salts Such 
plants might have bettei contributed to the sulphur content of 
some high sulphur coals Tho lemains of sulphui bacteria 
might have given rise to sulphates in the soil to bo ultimately 
used as plant food 

( 111 ) After deposition in the marine and estuarmo waters the vegetable 
debris wore subjected to complicated process ol putrefaction 
and coalification when complex chemical and biochemical 
changes started, together with the activity of micro-organisms 
under favourable conditions, as a result of which various sulphur 
compounds havo possibly been formed and rotamed by the coals 
as thoir constituents In this way pyrites as well as many 
orgame sulphur compounds have been foimod by baotorial 
activity Some pyrites and sulphates might havo also been 
formod by purely inorganic processes 

Only unaltered and frosh specimens and those clean piecos having no 
pynte patohos were subjected to laboratory investigations During analytical 
work the methods adopted by Powell and Parr were generally followed In 
the fresh and unaltered specimens of Tertiary ooals of India the author had 
been able to detect all the forms of sulphur except tho free- sulphur While 
visiting some ooalfields in the Khasi Hills (Assam) and Bokaro coalfield 
(Hazanbagh) the writer could however find m tho weathered coal faces traoes 
of free sulphur But this appears to have been formed by secondary changes 
during the process of weathering. Suoh altered and weathered specimens 
were not used for the quSntitative determination of various sulphur forms 
For pyntio sulphur determination 1 gm. of coal (100 mesh) is digested 
with 80 o o dilute mtric acid (1 3) and the solution allowed to stand at room 
temperature for about 4 days during which time all the pynte will be completely 
oxidised and dissolved Any sulphate if present will also go into solution. 
The solution is then filtered, the mtnc acid dnven off by evaporation and the 
residue taken up in some water and hydrochlono acid The sulphur is then 
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precipitated as BaS 04 by barium ohloride solution and the am ount of sulphur 
in ooal is obtained by calculation The value for pyritic sulphur is then obtained 
by subtracting the amount of sulphate sulphur determined separately 

The sulphate sulphur is determined by extraction of ooal with dilute 
hydrochloric aoid. 5 gm of coal (100 mesh) is digested with 300 o o of 3% 
hydrochloric acid for 40 hours at about 60°0 A higher temperature would 
oause the sulphur to escape as sulphuretted hydrogen gas The solution is 
then filtered and the sulphur precipitated by the barium chlondo method 
A certain amount of organic sulphur could be leached by phenol and 
pyridine treatment but complete removal of organic sulphur was not effected 
by suoh organic solvents The amount ot organic sulphur was therefore 
obtained by difference 

The total sulphur in coal was determined by following the usual Esohka 
method. 

In the hand specimens of many of the Tertiary coals of India patches, 
granules and lumps of pyrite are often easily detected. When occurring as fine 
disseminations in coal it may escape detection by the naked eyo but when such 
ooal is exposed to moist air for some time the pynte gets decomposed and 
altered to ferrous sulphate During this process increase m volume takes 
place and the coal usually is fissured and reduced to powder Such a change 
is often observed in museum specimens exposed to humid climate 

In the Qondwana coals of India pynte and marcasite are found to ooour 
m very Bmall patches and the sulphur content is usually very low as compared 
to that of the Tertiary ooals of India 

In the case of pynte occurring in big lumps and granules, conditions may 
sometimes be favourable for their removal by mechanical washing arrange¬ 
ments but this process would not be successful when there is very fine 
disseminations of pynte. 

When coal is burnt, i e dunng the process of combustion, pynte is 
decomposed and sulphur is oxidised to SOg and subsequently to 80$ and finally 
to sulphuno acid This is why the sulphur beanng coals when burnt on the 
grates give off sulphurous smoke and the metallic parts of the boiler get easily 
corroded damaged. When ooal seams containing pynte are exposed to 
humid atmosphere in mines pynte is gradually oxidised and converted to 
ferrous sulphate with the formation of some amount of sulphunc acid. This 
is why the percolating water accumulating in the sump is generally acidio and 
the pumping machinery including the pipes get corroded and damaged 

High volatile pyntous ooals when subjected to process of high temperature 
carbonisation give off sufficient sulphurous smoke and the gas that is obtained 
has always to undergo purification prooess if it is to be used for town 
lighting and other domestic purposes If such ooal happens to be of good 
quality type the coke obtained by high temperature carbonisation 

*5 
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usually retains a certain amount of sulphur and the coke is thus rendered 
unsuitable for being used in the smelting operations It has been found that 
pynte m the coal on combustion is completely decomposed and the sulphur is 
eliminated as S0 2 to be finally oxidised to sulphurous and Bulphunc acids, 
iron being converted to oxide or silicate as the conditions prevail 

Sulphur m the shape of sulphate of iron, calcium, aluminium, etc , some¬ 
times occurs in coal specimens and usually remains in the ash after complete 
combustion and may thus be regarded as an inert form of sulphate sulphur 
The only deteriorating effect of this form of sulphur is that it will absorb Borne 
amount of heat during combustion This sulphate sulphur is generally found 
to occupy the joints and cleats and the planes of laminations showing that this 
might be due to prooess of secondary infiltration It may however form a 
part of the original inorgamo matter which on combustion gives rise to inherent 
ash It has been found that during combustion the sulphate sulphur suffers 
vory little change and usually remains as an inert sulphato in the ash 

While dealing with Tertiary coals of N W India and Assam it was found 
that the amounts of total sulphur in many of them were much higher than the 
ash contents as shown m Table I This feature attracted the notice of the 
present author who advanced a suitable explanation in a previous publication * 

Table I 



Mach 

Watch¬ 

ing 

Borjan 

Tipong 

Pam 

Nam- 

dang 

Cherra- 

punji 

Lait- 

nngow 

Than 

ginat 

Ash% 

2 32 

0 42 

3 03 

3 92 

0 09 

2 70 

3 05 

2 43 

Total sul¬ 
phur % 

3 05 

5 10 

3 75 

5 11 

3 01 

3 18 

3 78 

3 91 


On laboratory investigation of clean and fresh specimens (see Table IV) 
it was found that the pyntic sulphur content in the ooals was very small com¬ 
pared to the total sulphur content. The coals, however, possessed a very low 
amount of ash. The major portion of the sulphur was found to be in an organic 
state of combination This interesting feature can be explained by the assump¬ 
tion that the original vegetable mother substance was of great purity in the first 
plaoe and during the tune of deposition it was not mixed up or contaminated 
with large amounts of dirt or impurities, nor were the ooal seams, after they 
had been deposited, traversed by peroolatmg water charged with iron or other 
salts. The sulphur deposited in the coal seam was in various organic com¬ 
pounds which on burning leaves no ash. This accounts for the low ash and high 
sulphur content of these ooals. This organic form of sulphur was apparently 
formed and deposited in the ooal during the process of coalification including bio* 
chemical changes and bacterial activity and the source would be in the original 
mother substance together with the remains of sulphur secreting organisms. It 
15B 
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was pointed out by Anderson Roberts 5 that the presence of sulphur in the coal 
acid was a definite proof of the existence of organic sulphur in the coal. In 
support of the suggestion now made by the present writer some evidence m 
the shape of laboratory investigations may bo cited Clean, fresh and unaltered 
pieces of Watching and Namdang coal of Upper Assam were carefully selected 
and particular attention was given to remove any trace of visible pynte granules 
or patches These specimens on analysis were found to contain very small 
amounts of pyntic and sulphate sulphur whereas organic sulphur was present 
in sufficient amount The ash content in either case was well below 1% 
whereas the total sulphur was 5% and 3% respectively for Watching and 
Namdang coals The specimens of these coals were allowed to remain in the 
museum under humid Calcutta climate for a number of yoars and after careful 
re-examination the coal fragments appear to have remained very fresh and have 
retained the same lustre as before No pynto patches wore visiblo nor could 
any amount of sulphate be detected on close examination The coal pieces 
have thus suffered no crumbling due to decomposition and oxidation of pynte 
The coal has in other words withstood the weathenng remarkably well A 
reference to analytical Table IV will show that these two specimens under 
examination contain small amounts of pyntic and sulphate sulphur On 
being exposed to humid conditions for a long time all the pyntic sulphur should 
have been completely converted to sidphato and as a result of this alteration 
the value Qf sulphate would have been much greater in the weathered specimens 
On re-examination a slight inorease in sulphate has been noticed but complete 
oxidation and alteration of pynte has not resulted It may be said by way 
of explanation that as the coal is compact and as the pynte occurs m very 
small granules and is interspersed in the coal substance it had escaped 
weathenng Only those few granules that came in contact with the atmosphere 
were oxidised to sulphate On the other hand, other pyntous coal specimens 
on being subjected to similar weathering process have been completely reduced 
to powder with the formation of sulphate efflorescence produots The speci¬ 
mens on careful analysis appear to have retained the same amount of total 
sulphur This shows conclusively that the major portion of sulphur is m 
an organic state of combination and is hence not affected by weathenng The 
organic sulphur compounds on combustion get completely decomposed and 
leave b ehind no ash This may be considered to be the satisfactory explanation 
why we find m these coals a high percentage of sulphur irrespective or indepen¬ 
dent of low ash content This would indicate that by any mechanical means 
of washing the organic sulphur cannot be removed and as there is a sufficient 
amount of organic sulphur in many of the Tertiary coals of India installation of 
washing plants will not prove very successful in eliminating all the sulphur 
oontent from the coals. Only the big lumps and granules of pyrite might be 
removed by such a prooess of w ashing or under more favourable c ond i t ions by 
hand-pi cking , During the prooess of coal oombustion the organio sulphur is 
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completely decomposed and is given out as S0 2 in the product of combustion 
and will thus produce a corrosive effect on the metallic parts of boilers and 
other steam-raising plants 

The forms in which sulphur generally exists in coal are therefore 
(1) pyritie, (11) sulphate, (in) organic, and ( iv ) free When coal is carbonised 
or burnt these different forms of sulphur behave differently and are spht up 
into forms which wo record as (l) fixed Bulphur, (u) volatile sulphur, 
(111) combustible sulphur, and (iv) non-combustible sulphur It may be men¬ 
tioned that the mere knowledge of the presence of orgamo, pyntic and sulphate 
sulphur m coal does not help the coal consumer to the fullest extent and his 
decision regarding proper selection of coal will not be satisfactory unless the 
amounts of fixed sulphur, volatile sulphur, combustible sulphur, and non¬ 
combustible sulphur are taken into proper consideration In the following 
lines an explanation of these sulphur forms and their scope and bearing on 
industries is given 

( 1 ) Fixed sulphur. It is the amount of sulphur retained by the coke 
when the ooal is carbonised This is a very important factor to the metallurgists 
and iron smelters A metallurgical coke containing a high percentage of sulphur 
is not considered to be suitable for iron blast furnaces and other high class 
smelting operations. Some of the high grade caking coals of Upper Assam with 
the least possible ash and high volatile matter are excluded from high class 
metallurgical work on account of their high fixed sulphur content. 

(u) Volatile sulphur: It is the portion of sulphur whioh volatilises when 
the coal is carbomsod at 950°C. for the determination of volatile matter It 
will consequently vary with the variation of temperature of carbonisation. The 
volatile sulphur is a guide to the Bulphur content of the gaseous and liquid 
products obtained from the coal When this sulphur content is high the gaseous 
and liquid products will have to be further purified to get nd of the sulphur 
that is m excess of specified limit and this will naturally involve extra 
cost. It may be mentioned here that a certain amount of volatile sulphur may 
thus be recovered in the gas and other industries and may be subsequently 
utilised for the manufacture of sulphuno acid. 

(in) Combustible sulphur: This is the sulphur that is expelled during the 
complete oombustion of coal. The combustible sulphur, however, includes the 
total amount of volatile sulphur. When present in appreciable amount in 
coal, this combustible sulphur oorrodes the metallio structures of boilers. 
This item oonoerns the fuel engineers using ooals for their different types of 
boilers and other steam-raising plants. Attempts should, however, be made to 
recover the combustible sulphur from the products of combustion in various 
factories and power-generating stations and may thus be utilised for our use. 

(iv) Non-combustible sulphur: This is the sulphur left m the ash after 
the ooal is completely burnt. This sulphur is considered to be inert in its 
activities. 
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The present writer made a quantitative determination of the various sulphur 
forms occurring m several specimens of Tertiary ooals of India and Burma « 
and some of the results are shown m Table IV The author has also discussed 
the question of proper utilisation of these coals in the light of sulphur contents 
Some of the Upper Assam coals having a high percentage of fixed sulphur 
were carbonised at high temperature (950°C) and an attempt was made to 
find out how the forms of sulphur wore redistributed in the resulting coke 

Regarding the estimation of the different forms of sulphur in coke the 
usual methods mentioned by the author havo been adopted and tho results are 
already published 7 For the determination of sulphide sulphur a method 
similar to that used by Bradbury 8 and described by Parr 9 has been followed 
and the nature of the sulphur forms studied About 2 grains of powdered 
coke are placed m a flask and about 150 c c HC1 (1 1) poured into it and a 
stream of hydrogen gas is allowed to bubble through the liquid The gas 
evolved is allowed to pass through a flask containing a saturated solution of 
sodium peroxide which will absorb any sulphuretted hydrogen that evolves 
from the coke The content of the flask is next brought to boiling for half 
an hour and after these reactions are over the contonts of sodium peroxide 
solution are tested for the presence of sulphide sulphur by the barium chloride 
method Tho substance remaining in the flask containing coke and hydro¬ 
chloric acid solution is next filtered and washed and tho solution tested for the 
presence of sulphate sulphur in coke by the barium chloride method Tho 
residue of this extraction is then treated with cone mtnc acid for two hours 
or more in order to extract an^pynte which might remain and it has been found 
m all oases that no trace of pynte could be detected 

The finely powdered coke, which is boiled with dilute HC1 to release the 
sulphide sulphur as H 2 S, is furthor subjootod to tho action of nascent hydrogen 
in presence of dilute HC1 at some elevated temperature Under those condi¬ 
tions some amount of H t S is removed and the action of nascent hydrogen on 
the coke indicates the organic nature of the coke sulphur The organic form 
of resinio sulphur is not found to be present in the coke as no sulphur could 
be extracted from coke by means of pyridine 

From a careful study of the laboratory investigations as given in Table 13 
it is believed that the major portion of coke sulphur is present m some unknown 
form Formerly it was difficult to conceive any organic sulphur compound 
withstanding the high temperature of caking process and the development of a 
more stable inorganic form during the process was considered a more probable 
explanation The treatment of the coke residue with HC1 and HNOj m 
various ways has however failed to extract all of these sulphur contents. It is 
suggested that during the caking process secondary reactions taking plaoe 
between the complex coal constituents and the decomposed sulphur compounds 
may be responsible to some extent for the quantity of sulphur in stable form 
which w retained by coke. 
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Table II 


% 

Coal 

Coke 

Coke from 
coal 
washed 
with HC1 

Coke acted 
on by 
hydrogen 

Coke acted 
on by 
naaoent 
hydrogen 

Namdang 






Total sulphur 

3 01 

2 56 




Volatile ,, 

1 58 





Fixed „ 

(Sulphur in coke) 

1 43 

2 50 

2 48 

2 56 

2 56 

Sulphide sulphur 

000 

0 03 

0 03 

0 00 

0 10 

Pyritio „ 

0 03 

000 

000 

000 

000 

Sulphate 

0 02 

0 010 

000 

0 010 

0 016 

Organio ,, 

2 00 

000 

000 

000 

000 

Unknown „ 

000 

2 51 

2 45 

2 48 

2 44 

Watching 






Total sulphur 

5 10 

4 11 




Volatile „ 

2 82 





Fixed „ 

2 28 





(Sulphur in coke) 

Sulphide sulphur 

000 

4 11 

0 08 

3 00 

0 08 

4 11 

0 12 

4 11 

0 25 

Pyntio 

0 43 

0 00 

000 

0 00 

000 

Sulphate ,, 

0 04 

0 03 

000 

0 03 

0 03 

Organic ,, 

4 54 

000 

000 

000 

000 

Unknown ,, 


400 

3 52 

3 96 

3 83 

Tipong Pani 






Total sulphur 

5 11 

3 72 




Volatile ,, 

300 





Fixed „ 

(Sulphur in Coke) 

Sulphide sulphur 

2 11 


r" 




3 72 

3 45 

3 72 

3 72 

0 00 

010 

0 10 

0 11 

0 24 

Pyntio „ 

0 13 

000 

000 

000 

000 

Sulphate „ 

0 05 

0 02 

000 

0 02 

0 02 

Organio „ 

Unknown „ 

4 40 

000 

300 

000 

3 35 

000 

3 59 

000 

3 46 


Regarding the occurrence of this stable form of sulphur in coke the various 
possibilities were discussed by Parr It may be mentioned that m the case of 
the specimens under investigation mtno acid could scarcely extract any sulphur 
from coke showing that all the pyritic sulphur had completely decomposed. 
Treatment with different reagents including HF did not however release any 
H,8. These considerations together with the results of nascent hydrogen 
treatment suggest the probability of some form of organic sulphur oompound 
the definite nature of which has yet to be understood. It is however a well- 
known fact that nitrogen, sulphur and hydrogen may remain in organio com¬ 
bination at very high temperature (1000°C.) as shown by liberation of NH$ 
and H # S by treating red-hot ooke with water vapour. 

Laboratory investigations show that during the process of caking, pyritio 
sulphur gets completely decomposed as no trace of it is detected m the ooke. 
The sulphate sulphur remains more or less unchanged and is retained by the 
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coke A slight decrease of sulphate sulphur is perhaps due to the partial 
reduoing action of red-hot carbon on the sulphate The analytical results 
also show that by digesting the coal with HC1 the sulphate sulphur is com¬ 
pletely removed and that the coke obtained from this washed coal doos not 
contain any sulphate sulphur Regarding the sulphide sulphur form it may be 
said that during caking this form of sulphur gets slightly developed Some 
experiments were earned out by the author to find out the possible nature 
and souroe of this sulphide sulphur A portion of the coal was digested and 
washed with HC1 to get nd of any sulphato sulphur and the washed coal was 
subjected to high temporature carbonisation and the rosultant coke was 
analysed and the rosults given in Table II show that the coke from washed 
coal contains some amount of sulphide sulphur Another portion of the coal 
that was washod with dil HC1 was further treated with an organic solvent like 
pyndine to get rid of organic resime sulphur and subsequently subjected to 
caking process The coke thus obtained was subjected to chemical treatment 
and was found to release a small amount of sulphide sulphur Those results 
indicate that the sulphide sulphur does not originate irom sulphate or rosime 
organic sulphur but possibly from some other stablo form of sulphur during 
the process of caking, the organic nature of which has yet to bo properly 
understood. 

Regarding the proper utilisation of tho different coal samples, attention 
should always be given to the amount of the different sulphur forms in them 
It is a well-known fact that a large amount of combustible sulphur in coal will 
have a oorrosive action on the metallic structures of boilers and steam 
raising plants and that coal having a high percentage of fixed sulphur (1*6% 
or more) cannot be recommended for tho manufacture of metallurgical coke 
suitable for blast furnaces and other high class smelting operations It may 
however be noted that the above-mentioned high volatile coals of Upper Assam 
with low ash percentage may bo tried as pulverised fuel or may be used for the 
manufacture of gaseous fuel In the latter caso the sulphur may be recovered 
from the gas during the purification process and utilised for the manufacture 
of sulphuric acid. As there is an appreciable amount of orgamc sulphur it 
will not be possible to get nd of all the sulphur by any mechanical process 
of washing. In support of this an expenment was earned out on a small 
laboratory scale when the clean and unaltered Namdang coal after washing 
was found to retain almost the whole amount of sulphur which was afterwards 
found to be mostly in an organio state of combination The author however 
suggests that the sulphur content in the high grade coals may be reduoed to 
some extent by mixing or blending with other varieties of ooal or coke dust 
with lower sulphur content so that the blended coal may be a slightly better 
fuel The ratio of such blends has to be determined by trials The attention 
of the oolliery proprietors and mining engineers is drawn to this suggestion 
for further investigation The high sulphur coals may better be utilised in 
the ovens and where the flame does not come in direct oontact with 
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any metallio structures In coals having low ash and low pyritao sulphur 
there will be little chanoe for the formation of fusible silicates or clinkers 
in the ash In the case of some Upper Assam coals with a high amount of 
volatile matter and very low ash content the writer suggests that the different 
coal samples may be utilised as colloidal fuel (petroleum being oasily available 
m the locality) so that a certain amount of petroleum might be reserved and 
coal might in turn be better utilised 

Formerly the high percentage of sulphur in the Tertiary coals of India 
was thought to be chiefly duo to the presence m them of iron pyrite and the 
total sulphur alone used to bo determined It has now been found from the 
investigations of the present author that a coal with high total sulphur may 
have only a very small amount of pynte in it and this high sulphur content 
may be due chiefly to the organic form 

In conclusion the author desires to draw the attention of the coal producers 
and ooal consumers to the fact that the total sulphur is not the only criterion 
which should form the basis of selection of coal but that the different forms of 
sulphur in coal should be determined before a particular high sulphur coal is 
recommended. 

In Table III the results of proximate analyses of some of the Tertiary 
coals of India are given and Table IV shows the amounts of different sulphur 
forms m them The method of proximate analysis adopted m the laboratory 
has already been discussed m a previous communication 10 

Explanation of Table IV. 

The values of different sulphur forms are given in percentages of coal 
Total sulphur is determined separately Fixed sulphur is the amount of 
sulphur in coke calculated in terms of coal This fixed sulphur together with 
volatile sulphur forms the total sulphur Non-combustible sulphur is the 
amount of sulphur in ash calculated in relation to coal The non-combustible 
sulphur and the combustible Bulphur together form the total sulphur Pyntio, 
sulphate and the organic sulphur determined separately all go to make up the 
total sulphur. 
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1 

0 83 

14 40 

12 11 

72 66 

100 00 

Cream 

if 


d 

1 

194 

1-08 

086 

102 

011 

191 

0 03 

0 81 

Dandot ; 

; 

5*09 

43 41 

12 10 

39 40 

100 00 

Brick 

Bed 

1 

3 


Dandot 

9 08 

4 77 

4 31 
546 

1 60 

8 91 
017 

1 98 

Maker- 

wal 

-1 

3 78 

49 79 

10 00 

36 43 

100 00 

Light 

Pink. 

! 


!l 

>5 * 

4 61 

1 55 

3 06 

1 15 

0 03 

4 53 

0 08 

3 41 

Mach. 

10 83 

40 67 

2 32 

46 28 

100 00 

Light 

Red 

r 

3 


Mach 

3 95 

1 74 

2 21 
042 

0 36 

3 77 
018 
315 

Thangi- 

nat 

1 44 

36 64 
243 

59 49 

100 00 I 

Bnck 

Red 

l! 


Tbangi- 

nat 

3 91 

2 02 

1 89 

0 295 

0 08 

3 86 

0 05 

3 53 

It 

1 75 

42 00 

3 65 

52 60 

1 00 001 

Buff 

Strongly 

caking 

i 

it 

3 78 

1 48 

2 30 
014 

0 06 

3 74 

0 037 

3 57 

Cherra- 

punji 

1 96 

43 70 

2 76 

51 58 

00 OPT 

Pink 

Strongly 

caking 

s 

1 

it 

3 18 

1 66 

1 58 

0 20 

0 015 
3-02 

0 157 
296 

Namdang 

2 05 

41 95 

0 69 

55 31 

100 00 1 

Faint 

Pink 

iff 

t 3 

> 

a 

H 5 

Nam¬ 

dang 

3 01 

1 43 

1 58 

0 03 
0-02 
296 

0 05 
266 

Tipong- 

Pam. 

245 

41 52 

3 92 

52 11 

100 00 | 

Pink. 

Strongly 

caking 


Tipong- 

Pam 

5 11 

2 11 
300 

0 13 

0 05 
5-05 
0-06 
440 

i 

I 

4-60 

48 91 
3*03 

43 46 

100 00 J 

Deep 

Pink 

Caking 


3 

I 

3 75 

1 66 
209 
090 
012 

3 39 

0 36 
2-60 

Watching 

6 31 
39-16 
0-42 
5411 

100-00 

II 

Slightly 

Caking 


Watching 

510 

2 28 

2 82 
0-43 
0-04 
5-05 
0-05 
454 

3$ 

ill 

Jill 

7 

Colour of aeh 

1 

*S 


1 

S I 



534 


N N CHATTERJEE. SULPHUR IN COAL 


RBTBBBN0E8 


1 La Touche, Rec Geol Surv Ind , Vol 30, p 122, (1897) 

Richard Smith, Rec Geol Surv Ind , Vol 15, pp 58-62, (1882) 

Mallet, Mem Geol Surv Ind , Vol 12, pp 20-75, (1876) 

* Richard Smith, Rec Geol Surv Ind , Vol. 15, pp 58-62, (1882) 

8 Bull 111, University of Illinois, (1919) 

<■ Chatterjee, N N , Cal Unw Jour Dept Sc , Vol X, p 7, (1930) 

* Jour Soc Ohem Ind, Vol 17, p 1013,(1898) 

* Chatterjee, N N , Cal Unw Jour Dept Sc , Vol X, pp 1-9, (1930) 

„ Quart Jour Geol Min Met Soc Inti , Vol HI, No 3, pp 101-113 

(1931) 

„ Quart Jour Geol Min. Met Soc Ind , Vol IV, No 1, pp 21-27, 

(1932) 

„ Quart Jour Geol Mtn Met Soc Ind, Vol X, No 3, pp 135-141, 

(1038) 

i Chatterjee, N N , Quart Jour Geol Mtn Mel Soc Ind, Vol IX, No 4, pp 157-162, 
(1937) 

8 Chemical Neute, Vol 38, p 147, (1878), see alao BuU 111, Untv ojIUtnots, (1919) 

» BuU 111, Untv of IUtnots, (1919) 

18 Chatterjee, N N„ Quart Jour Geol Mtn Met Soc Ind , Vol. Ill, pp 37-48,(1931) 



MOISTURE IN COAL 


By E R Gee, M A (Cantab ), F 08 , Geological Survey of India 

That coal has been derived by the chemical decomposition of vegetable 
debns that existed during an earlier geological age is agreed at least by the 
vast majority of scientific workers. And although we are still very much m 
the dark as regards the exact chemical constitution of the resultant coaly 
matter certain facts regarding the nature of the processes that led to the 
conversion of the vegetable debns into poat, brown coals and lignites, 
bituminous coals, and into anthracites are at least apparent In the very 
earlier stages, following the deposition of sediments over the vegetable debns, 
the rapid de-watering of the debris was undoubtedly the principal feature 
With the increase of pressure and a nse m the temperature as a result of the 
increasing thickness of the overburden, chemical changes undoubtedly set in 
rapidly within the much-compacted mass of vegetable matter. Whether 
one acoepts the peat—brown coal—lignite—bituminous coal—anthracite 
theory or not, one must at least admit that the changes involved included 
(I) the further gradual elimination of water as a result of both physical and 
ohemical reactions, and (2) the elimination of oxygen, possibly as C0 2 and 
H 2 0 during chemical decomposition 

The above-mentioned changes are exemplified m the following analyses 
of the various members of the peat-anthracite series quoted below — 



Irish Peat 

Morwell 
Brown coal 

Malayan 

Lignite 

Bituminous 

ooal 

(Dishergarh 

seam) 

Welsh 

anthracite 

Percentage H,0 
in raw material 

90 

58 

20 

25 

10 

Percentage 0« in 
dry, aamees 
material 

32 

29 

20 

10 

40 


The above-mentioned moisture, which is ‘ residual ’ to the original vegetable 
debris or the result of chemical changes taking place during the maturing of 
the coal, may be regarded as inherent in the coaly matter and in the mineral 
matter that is included m the coal. This inherent moisture, with the exception 
of that combined with the mineral matter, is eliminated when the coal is heated 
for a short period at about 105°C. 

In addition to the above-mentioned ‘inherent’ moisture, coal is known to 
absorb appreciable quantities of water when exposed to a humid atmosphere, 
especially if the ooal is in a finely divided state. Such additional moisture 
is likely to be absorbed in the mines, during transportation in open wagons, or 
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during washing Moisture of thiB type is, however, at least largely eliminated 
by air-drying 

In view of the above chemical and physical changes during coalification it 
would, therefore, not be surprising to find a close relationship between the 
proportion of‘inherent' moisture and the degree of maturity of a coal This 
appears to be the case m at least many Indian coals The well-matured 
coking coals of tho Jhana, Gindih and Raniganj fields are all low in moisture— 
not more than 2 per cent and very often less than one per cent (calculated on 
an ash-free basis) In the case of the non-caking and semi-oaking coals of 
the Barakar measures of other fields and of the Raniganj coal measures, the 
moisture usually varies from about 3 to as much as 10 per oent 

A study of the composition of the coals of the Raniganj field and of certain 
of the Barakar coals of Jhana and Gindih shows that the caking properties of 
these coals are also definitely related to their oxygen contents, calculated on a 
moisture-free basis This relationship has been recognised in the case of other 
countries 

It is found that the hard-caking coals of the Barakar measures, which are, 
as above-mentioned, low m moisture, are relatively low in oxygen—loss than 
8 per cent calculated on the dry, ash-free basis The Sanctona and 
Dishergarh seams of the Lower Raniganj measures, which yield a fairly hard, 
vesicular coke on carbonisation, usually contain from 1 76 to 3 0 per cent 
moisture and an oxygen content of about 9 6 to 11 per cent, whilst the poorly- 
caking and non-caking seams contain higher percentages of moisture and 
oxygen percentages of about 11 6 to 14 This relationship is well-illustrated 
when wo trace the change in the Sanctoria-Pomtati seam across the Raniganj 
field, from the relatively low moisture, caking coal of the Sanctona-Sitalpur 
area to the less strongly caking coal of the Charanpur-Shnpur area, into the 
non-caking or very poorly caking, high moisture coal of the Damodarpur- 
Akholpur area This seam, and also others in tho field, affords an excellent 
example of a coal seam showing considerable change in chemical composition, 
laterally 

It appears therefore that the moisture content of at least a number of 
Indian coals is closely related to the rank of the coal—that is, to its degree of 
maturity. Ab the coal increasingly matured giving rise to low oxygen caking 
constituents, so at the same time the inherent moisture was being gradually 
eliminated as a result of the chemical changes that took plaoe. 

In addition to the moisture present in the combustible element of coal, 
there is also the water of combination that occurs m the various hydrated 
minerals which comprise the mineral matter. This water of hydration is 
usually not eliminated at the temperature of 106°C to which the sample is 
normally heated in order to determine the ‘proximate moisture’ In some 
cases it is necessary to heat the mineral matter to temperatures of 300°-500°C. 
before this water is driven off. The amount of H*0 in question is obviously 
not sufficient to make any appreciable difference to the total ‘proximate 
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moisture* of a particular sample but in the case of accurate ultimate analytical 
work, when dealing with inferior coals containing say over 20 per cent of 
mineral matter, this water of hydration may well affect the detemunation of 
hydrogen (and oxygen) It might, therefore, bo necessary to de-ash such coal 
samples as far as possible by dissolving out the mineral matter with acid 
(hydroohloric and hydro-fluoric) prior to determining the carbon and hydrogen 
There is one other point I would like to mention, namely the percentage 
of moisture that is absorbed by smokeless fuel m India during the monsoon 
period When burning smokeless fuel in England, the difference between its 
ignition temperature during the dry months as compared with tho wet winter 
periods was very marked During the former, the fuel ignited without 
difficulty whilst during the latter it was necessary to mix it with coal or wood 
in order to get it to bum satisfactorily Possibly, the question has beon 
investigated in India It is, I think, a point of some practical importance in 
connection with the question of increasing the popularity of such fuol m this 
country, for during the monsoon season thoro is the possibility ot these soft 
cokes absorbing appreciable quantities of water, during transport and delivery, 
and so becoming very difficult to ignite 




A CRITICAL STUDY OF SOME INDIAN COAL ASHES 
By R K Dutta Roy, M Sc, Dr Ing, Geological Survey of India 

In coal, the mineral matter, which gives rise to the ash when the coal is 
burnt, may be generally classified as inherent and extraneous impurities 
The former is derivod either from the inorganic salts of vegetation from which 
the coal was formed or from dust or sludge carried and deposited by 
wind and rain The latter represents partings, bands or nodules of pynte, 
shale and calcite, etc In consequence, the coal ash consists mainly of silicates, 
sulphates, phosphates, alumina, lime, magnesia, oxide of iron and alkalies 
It also contains traces of Cobalt, Nickel, Silver, Barium, Zinc, Lead, Cadmium 
and rare elements. 1 

From the commercial and industrial point of view, the quantity, 
composition and the fusibility of ash in coal are of considerable importance 
It is an imperative necessity both for the metallurgist and the fuel-engineers 
to be well conversant with the characteristics of fuels that are going to be 
consumed either for metallurgical operations (such as blast-furnace or foundry) 
or for boilers and gas-produoers When selecting coke for the blast-furnace or 
the foundry, it is of considerable importance for the metallurgist to consider 
the ash-content and the composition of the ash of the coke along with other 
important properties of coke such as porosity, hardness, combustibility 
and uniformity of the size, etc The serious disadvantage which is met 
with in the blast-furnace operation due to the high ash-content in coke is 
well known. The high ash-content naturally diminishes the calorific value of 
the coke and further it necessitates the addition of lime to flux the ash and to 
liquefy it into slag, a certain amount of more fuel is required besides the increased 
blast, steam and time, etc. 

Again the percentage of ash-content is not the only factor involved m the 
evaluation of the suitability of the coal for fuel purposes For the efficiency 
of the boilers and gas-producers, the fusibility of ash plays an important r61e 
The lower the fusion-temperature of the coal-ash, the greater is the tendency 
to form clinkers on the fuel-bed m the case of boilers and gas-producers. The 
formation of duikers on the fuel-bed is detrimental for the following reasons.— 

(I) Firstly, oombustible matter becomes endosed within the molten 
‘ash’ which excludes air from it and the coal so enclosed passes away into the 
ash-pan and is thus wasted. 

(II) Seoondly, inefficient combustion takes place smoe the clinkers prevent 
the induction of air through the fuel-bed 


1 Goldschmidt, V. M., Ind. and Eng Chmutry, 27, 1100, (1880). 
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(III) Thirdly, the coal-ash may attack the refractory materials of the 
furnace and also cause exoessive damage to the fire-bars 

(IV) Fourthly, the clinkers necessitate further labour cost for cleaning 
the furnace 

From what has been said, it is clear that a thorough study on the 
composition and fusibility of asli is of vital importance for determining the 
factors in connection with the question of fuol-oconomy m the Iron and Steel 
Industry and in boiler plants 

The object of this piper is to present the results of investigations carried 
out on the composition ot ash on the following lines — 

(I) Firstly, tho chemical composition and the fusibility of ash obtained 
by burning coal at 960°C 

(II) Secondly, the chemical composition of ash obtained by burning 
coal at different temperatures (760°C , 850°C and 960°C ) 

Though comprehensive studies have been made on the physical and 
chemical properties of Indian coals, tho work done on the composition of 
ashes has been very limited The Memoirs and the Records of the Geological 
Survey of India 1 furnish some valuable information regarding the composition 
of coal-ashes Recently Mazumder 8 has studied the ehomical composition of 
ashes of 49 different samplos of coal from various parts of India but he has not 
dealt with the fusibility of ash 

The Chemical Composition and the Fusibility of Ash 

The ash m coal is considered to be a deleterious ingredient since it is 
an anti-calorific substance which does not produce heat but actually absorbs 
heat m attaining the temperature of the fire The composition of the ash 
vanes widely from seam to seam and the variation in the composition may 
sometimes occur along a particular seam 20 samples of coals have been 
selected for the investigation and the area from which they have been collected 
are as shown below:— 

v Jhana field . 9 

Raneegunge field 9 

Salt Range 1 

Assam coal 1 

20 


l Fox, C S , The Natural History of Indian Coal, Mem GJ3J , Vol LVH, pp 148-160, 
(1931). 

Fox, 0 S, The Lower Oondwana Coalfields of India, Mem. GJ3 l , Vol. LIX, 
pp 66-67, 127, 146, (1934) 

Gee, E E, Thq Geology and Coal resources of Raniganj Coalfield, Mem. QJ8J., 
Vo) LXI, pp 266-266, (1932) 

• Maxumder, J„ Fuel, Vol XVII, 8, p 230, (1938) 
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Tho proximate analyses and the colours of the ashes of the respective 
samples are shown in Table I The analyses of ashes, which were obtained by 
burning coals at 950°C in an electric muffle, have boon performed according to 
tho standard methods 1 and the results are rocorded in Table 11 

From Table I, it will be ovident that tho colour of tho ashes vanes 
from white to buff and it is rather interesting to find out if any relation exists 
between the colour and the chemical composition of the ashes The buff and 
reddish colour m ash is generally due to the presence of iron-pyrites and 
manganose Generally speaking, tho colour of tho ashes of coals from the Jhana 
field varies from white to grey while that from tho Raneegunge held vanes from 
drab-grey to buff This striking variation in colour of tho ashes of the two senos 
of coals cannot be fully explained by the difference of the iron and manganese 
contents Hence it is rather difficult to warrant tho laying down ol any 
definite relationship between the colour of the ash and its chemical composition 

The chemical composition of ashes (Table 11) reveals tho fact that in general 
there exists no marked difference between the mineral contents of the coals 
of tho Jharia held and the Raneegunge held The chemical composition of 
two Tertiary coals (one from the Salt Range and the other fioin Assam) diffors 
markedly from those of the Jharia field or the Ranoegunge fiold These contain 
a high percentage of SO j while P 2 0 B and MnO are conspicuous by their insigni¬ 
ficant amounts This variation in composition of tho asheH of Tertiary coals and 
of Gondwana coals of Jharia and Raneegunge fields is of considerable importance 
to stimulate speculations regarding the lormation and origin of Tertiary coals 

Having studied the ohomical composition of ashes, it is of special importance 
to make investigations on the fusibility of ashes It has already boon stated 
that the behaviour of ashes on melting is an important factor for the calculation 
of efficiency of the boiler plants or gas-producers Various mehods have been 
recommended for the determination ol the fusion point of ash from time to 
time, by different investigators The methods often employed consist in 
moulding the ash into the form of seger-cones with some suitable material 
and testing them in furnaces The temperature at which the tip of the cone 
touohes the ~base of the supporting material is regarded as the fusion- 
temperature 

La Chateher and Chantetre 2 and Cobb 8 found out the fusion-points of 
ashes by making balls from the ashes and heating them in furnaces Marks 4 and 
Rickets 8 determined the fusion-point by using the seger-cone method Later 


l Mellor, J. W —A Treatise on Quantitative Inorgamo Analysis, (1938) 
Washington, H. S —Chemical Analysis of Rooks, (1930) 

Hillebrand and Lundell—Applied Inorgamo Analysis, (1929) 

« Bulletin Soo d’enoour, p 273, (1902). 

• J. Soe. Ohom. Ind., p. 11, (1904) 

« J. Am. 800 . Chem. Eng., p. 205, (1915). 

» Ibtd., p. 213, (1915). 
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Colour of ash. 

Grey 

Cream 

Grey 

White. 

Grey 

Pinkish white 
Salmon buff 

Drab grey. 

Light buff 

Drab grey 
Light buff 

Pinkish buff 

Ecru drab 

Pinkish buff 

C Index 

ao r- to r- oo w* to .-■«© e-i hi ho 

% 8 

056 

0-43 

054 

0 68 
054 

0 57 
054 
044 

0 47 
043 

0 23 

0 28 

0 24 

0 28 

0 32 

0 30 

0 28 

0 35 
565 

3 08 

F.C % 

59 70 

59 66 

62 80 

60 30 

61 38 

61 70 

56 34 

60 15 

55 38 

62 66 

49 33 

47 98 

49 75 

48 63 

54 70 

45 56 

49 98 

53 97 

44 29 

51 20 

5? 

1 

5-08 

4 42 

5 32 

6 28 

3 70 
380 

8 10 

0 10 
430 
284 

3 27 

1 82 

1 15 

0 24 

2 72 

4 34 

0 10 

7 31 

9 24 

4 76 


VM % 

24 42 

24 62 

2106 

22 80 

24 32 

23 60 

24 76 

28 30 

28 56 

23 10 

35 40 

38 20 

36 50 

38 63 

30 20 

37 80 

37 92 

34 12 

43 43 

43 06 

|* 

s 

080 

1 30 

0 82 

0 62 
060 
090 
080 

1 45 

1 76 

1 40 

200 

200 

260 

250 

2 38 

2 30 

200 

460 

304 

0 98 

1 

11 seam Sec B 

11 seam bot¬ 
tom 

12 and 13 seams 

13 seam 

14 „ 

15 „ 

16 „ 

17 „ 

18 

Top Ramnagar 

Dishergarh 

seam 

Mohuda bot¬ 
tom 

Dishergarh 

Pomati 

Makerwal 


Barakar Senes 

»» 

Raneegunge 

Senes 


Jhana field 

field." 

Salt Range 


||| 

l ill 11 ili! i ill! 
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on, Sinnat and his co-workers 1 developed a method in which coal-ash was 
pressed through a circular orifice to form ash-rods and the fusion-points of 
these ash-rods were noted Fieldner, Hall and Field 8 made classical researches 
on the various factors that are responsible for the accurato determination 
of the fusion-point Of the various factors, the most important is the nature 
of the atmosphere in whioh the ash is heated In expressing the fusion- 
point, the oxidismg or the reducing zone of the furnace used must be definitely 
stated The other important faotors on whioh the fusion-point depends are the 
following.— 

(a) the rate of temperature-increase in the furnaoe, 

(b) fineness of ash 

Recently Bunto and Baum, 8 and King, Blackie and Millot 4 have introduced 
some modified methods for the determination of fusion-points 

The method employed here is as follows — 

The ash is finely powdered in an agate-mortar—moistened with a solution 
of dextin and moulded into small triangular pyramids These are then 
allowed to dry m air and are then vertically mounted on a refractory base 
along with the seger-cones The air and gas entering tho furnace are adjusted for 
regulating the atmosphere as well as tho increase in temperature in the furnaoe 
The atmosphere surrounding the ash-cones consists approximately of equal 
parts of oxidising and reducing gases The rise of temperature per minute is not 
allowed to be more than ten degrees centigrade The temperature is carefully 
noted whon the apex of the cone begins to bend by optical pyrometers and this 
is then compared with the seger-cones used Thus an accurate fusion-point 
is obtained The fusion-points of ashes along with their chemical composition 
are recorded m Table II. 

From the results it is evident that, generally speaking, two broad 
generalisations can be drawn:— 

(I) Firstly, the fusion-points of ashes from the Jharia field are higher 
than those from the Raneegunge field and tertiary ooals, 

(II) Secondly, the fusion-points of the ashes of tertiary coals are compara¬ 
tively lower than those of Jharia and Raneegunge fields 

The relationship between the fusibility and the chemical composition of 
ashes seems not to be of a definite character The mam constituents of ash 
are silica, alumina and iron-oxide with small percentages of other constituents 
such as lime, magnesia, alkalies, etc As is well known, of these alumina has 
got the highest meltmg point, i e 1775°C and silica has a melting point of 
1685°C. If alumina and silica are present alone, in the proportion in whioh 


» J. 809 . Chem. Ind., 42, p. 267T-272T, (1928). 
• UJ3. Bw. o/ Minot BvU., 129, (1918). 

» Gat und Watmfaoh., 97, p. 125, (1928). 

4 Futl Rtt eanh Technical paper 23. 




Table II 


Fuaioa- 
point of 
Mh. 

II nipiii iisiiiii i § 

o 

! $ 
(3 + 

i 

+ 

1 

+ 

i 

+ 

o 

£ 

ta 

32 3^838388 33388383 | 3 

1 

2S 33388S2S 83S33282 8 8 

I s S8SSS||8 S83§§§SS 8 8 

h 

38 38383333 3323883$ 2 2 

oo oooooooo oooooooo o o 

11 o 0 1 88 38833883 23333333 s 

II ^ 1 °° =* = »- = »= =eoo»»«- o - 


S3 3SSSSQ33S SSaSSUSS 2 3 

-« O 0000000-4 oooooooo O 

t* 

23 3388323$ 83833383 8 8 

CaO 

% 

38 33383333 £8332833 8 8 

C* ^ NrtMONCOpH^ ^ CD OO OO lO © OC 10 ^ —' 

1* 

38 38323232 §3338133 § . 

oo oooooooo gooooEoo £ 

jj* 

r- M o co o CO o o o O CO 00 00 *N OO 0© -* CO $ 

oo CO ciweoo^woow ^oojiooo^r- § 

----- 2 


583 23382332 | 8 

I s5 

39 88382288 2233333$ 8 8 


22 22383833 83333383 2 8 
83 88888832 88388888 8 8 

i* 

32 38S8S38S 282$3222 8 g 
32 S3SSS3S3 33*83398 * 8 

1 

: I t« i , 

12*5 jr II |i I 

| 

J *ii siyii lily «} 5 1 





E K DUTTA BOY A CBITICAL STUDY OF SOME INDIAN COAL ASHES 546 

they ocour, there is practically no chance of their melting at the fuel-bed of 
the boilers or the gas-producers The other components suoh as iron-oxide, 
lime, magnesia and alkalies havo the effect of a flux upon alumina and silica 
present and thus reduce the fusion-point of ash The fusion point generally 
vanes according to the ratio between tho acidic components and the bases 
SiOj-fAljOj 

Fe 2 0 3 +CaO+MgO -f Alkalies 



and the Fusion temperature. 


From Table II it will be observed that this ratio varies from 9-50 to 
3-05 Broadly speaking, the greater the ratio, the higher is the fusion-point 




646 B K DUTTA ROT. A CRITICAL STUDY OF SOME INDIAN GOAL A SITES 


The mean curve plotted against the ratio of Si0 8 +A1 8 0 8 to Fe 8 0 8 +Ca0+ 
MgO+Alkalies and the fusion temperature of the ashes affords consistency to 
the above generalisations but still the departure from the mean curve cannot 
be overlooked Although it is not possible to draw some definite relation 
between the fusibility and the chemical composition of the ashes due to thoir 
complexities, the results however permit some reliable duduotionB to be drawn 

(I) Feme oxide, which varies from 7 to 18%, has a fluxing eflFect which 
increases almost directly to the percentage composition 

(II) Lime, which vanes from 0 8 to 8.%, has a similar fluxing effect 
but the combined fluxing effect of iron-oxides and lime has a complex relation 
to the percentages of the two fluxes present 

(]H) Magnesia, which varies from 0 3 to 4% has a greater fluxing effect 
than limfi 

(IV) The alkalies are present m small amounts but their fluxing effect, 
m presence of comparatively high percentage of lime, is quite appreciable 

(V) The ratio of silica to alumina ranges from 2 82 to 1 38 and the fusion- 
point generally increases with this ratio but below 1 4 it has a marked eflFect 
in decreasing the fusion-point 

The function of temperature on the composition of ash 

The methods, prevalent for the determination of ash-content in coal, 
generally consist in burning the coal at temperatures between 760°C. and 1000°C 


Tabus III. 


— 



TbMPBHATUBH AT WHICH 

COAL BUBNT 





onr 











760°€ 

850°C. 

950°C. 




Ash%. 

Ash%. 

Ash%. 

1 

Bhagatdih 

Jharia field 

10 48 

15 32 

15 08 

2 

TCna. 


14 68 

14 57 

14 42 

S 

Kustore 

,, 

16 71 

10 62 

16 28 

4 

Gopalichak 

,, 

13 98 

13 78 

13 70 

5 

Kustore 


15 42 

15 18 

15 32 

6 

Malkora 


14 08 

13 78 

13 80 

7 

Sijua 

„ 

18 40 

18 20 

18 10 

8 

Jamadoba 

n 

10 40 

10 28 

10 10 

9 

Jamadoba 

ff 

14 72 

14 58 

14 80 

10 

Victoria Went 


12 01 

12 80 

12 84 

11 

Charanpur 

Raneegunge field 

780 

7 02 

7 81 

12 

18 

Seetalpur 

Aldihi 

13 60 
12-00 

13 40 
11-92 

13-27 

1182 

14. 

Shripur 


10 42 

10-82 

10 10 

15 

Dimbergarh 

ff 

11-28 

1100 

11 15 

16 

Nega 


10-40 

10-32 

10 24 

17 

Sal tor 


14 60 

1430 

14*84 

18. 

Muruldih 


12 98 

12 58 

12 72 

19 

Makerwal team 

Salt Range 

9-98 

9 01 

924 


(Simpson Mine). 




20. 

Assam Goal 


5-01 

488 

4-76 
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While expressing the results of the ash-oontent, the particular temperature 
at which the coal is burnt is not usually mentioned Therefore it seems 
worth while to study the function of temperature on the ash-content as well as 
its subsequent effect on tho composition of the ash 

For this purpose, three definite temperatures have been selected and the 
respective ashes of ooals are obtained at these selected temperatures The 
results are shown in the Table HI 

From the results it will be seen that the ash-content generally diminishes 
with rise in temperature and the variation in ash-contents at the selective 
temperatures, • e (760°C , 860°C and 950°C ), ranges from 0 40 to 0 18% in the 
caso of coals from the Jhana and Raneegunge fields while m the case of two 
tertiary coals (Salt Range and Assam coals) the range lies between 0 74 and 
0 26 In view of these results, it will be well to attach due consideration 
to the effeot of temperature to the ash-content The decrease in the ash- 
content with the rise of temperature may be attributed to the loss sustained 
by the volatilisation of sulphur and alkalies 

For co-ordinating the offect of temperature on the ash-oontent on the 
one hand and on the composition of ash on the other hand, a special study 
has been made of the chemical composition of ashes obtained at different 
temperatures and the results are recorded m Table IV 

From the results tho following conclusions may be drawn — 

(I) The variation of silica and alumina contents lies within a very narrow 
limit 

(II) Phosphorus, Titanium and Manganese contents remain practically 
constant 

(HI) Ferric oxide and lime contents increase with the higher temperature 

(IV) Sulphates and alkahes generally diminish at the higher tempera¬ 
tures 

Summary and Conclusion 

1 Twenty coals from important areas have been investigated as to 
the composition, distribution and fusibility of ash 

2 No definite relation between the chemical composition and the fusibility 
of ash could be found From the ratio of 

SiOj+AlgOj 

Fo s Os+CaO+MgO+Alkahes 

it was found that, generally speaking, the higher the ratio the higher was the 
fusion temperature 

3. From a study of the fusion-point of ash, it is possible to predict the 
suitability of coals for use m boilers and gas-producers without the formation 
of clinkers on the fuel-bed 

4 The function of temperature in the determination of ash-oontent as 
well as its effeot on the chemical composition has been studied. 
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CLASSIFICATION OF COAL 


By M S. Krishnan, M A , PhD ,F N I , Geological Survey of India 

Coal comprises a series of substances the classification of which has been 
attempted for many decades past The noed for some type of fairly widely 
acceptable classification has been felt for specifications in trade, for purposes of 
taxation and customs, and m legal disputes This paper gives a short review 
of the numerous attempts which have been made in this direction 

Any acceptable scheme of classification should be scientific and systematic 
and should take into account the fundamental characters It should be easily 
comprehensible and applicable The criteria should be capable of quantitative 
measurements leaving nothing to mere opinions and personal factors Even 
if applied for purely commercial purposes, it should be sufficiently systematised 
The earliest classification recognised the visual characters, agreeing broadly 
with the properties of combustion, viz — 

Lignite or brown coal Brown to black in colour, W'oody structure, 
high moisture 

Bitummous coal Black, often banded, ignites fairly easily and burns 
with flame and smoke Thoso which had a stiong tendency to 
agglutinate oil hoating were called caking coal 
Anthracite Black and lustrous and difficult to ignite, burns without 
flame 

Regnault was the first to use a chemical classification He published a 
paper m 1837 in which he defined 5 groups on the basis of ultimate analysis 
(percentage of O+N) 



Per cent Mean (O+N) 

Anthracite 

2 62 

Lean or short flame bitummous 

4 47 

Bitummous (smithy) coal 

5 74 

Long flame bitummous 

8*89 

Dry long flame 

16 39 


Hilt and others classified coal on the basis of volatile matter and coking 
property 

The late Prof W A Bone modified the Bcheme of Regnault and published 
the revision in his well-known book on coal This is reproduced m Table 1 
In a report printed m 1844, Walter R Johnson listed the coals of the 
United States of America in the order of the ratio of the fixed oarbon to the 
volatile matter, which was found to have a definite relationship to the heat 
evolved in burning as measured by the amount of water evaporated The 
‘fuel ratio’ had its origin then 
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P Frazer (1887) used the fuel ratio on the lines followed by H D Rogers 
a few years previously His divisions were — 


Fuel ratio 


Dry anthracite 
Semi anthracite 
Semi-bituminous 
Bituminous 


100—12 
12 — 8 
8— 5 
5— 0 


As this was based on Pennsylvania coals, no ooals of lower rank than bituminous 
were considered 

C A Seyler, after an intensive study of South Wales coal, drew up a 
classification m 1901, in which he made use of ultimate analyses The analyses 
wore reduced to a ‘pure coal’ basis, t e , C, H, 0 and N making up 100 His 
investigations showed that the hydrogen content and volatile matter boro some 
relationship of the typo 

H = a+6 log V M (both H and V M on pure coal basis) 

Coals with over 84 per cent C were grouped into three genera called 
anthracite, carbonaceous and bituminous The bituminous coals were sub¬ 
divided into three—met a-, ortho- and para-bituminous Those with C 75-84 
per cent were called ligmtous Those with over 84%C were regrouped into 
genera according to the percentage of hydrogen When the oxygen was not 
high, the recurrence of hydrogen percentage in different group produced 
coals with closely resembling characters Seyler’s classification is given m 
Table 2 

Manus R Campbell, a great authority on coal m the .United States 
Geologioal Survey, proposed a classification in 1904 based on the ratio of C to H, 
as shown in Table 3 

Table 3 



Class 

0 H ratio 

A 

Graphite 

x to t 

B 

Anthracite 

t to 30 

0 

Anthracite 

30 to 20 

D 

Semi-anthracite 

26 to 23 

E 

Serai-bituminous 

23 to 20 

F 

Bituminous 

20 to 17 

G 

Bituminous 

17 to 14 4 

H. 

Bituminous 

14 4 to 12 5 

I 

Bituminous 

125 to 11 2 

J. 

Lignite 

11 2 to 0 2 

K. 

Peat 

. 9 3 to T 

L. 

Wood 

72 


F. F Grout in 1907 proposed a classification based on the percentage of 
fixed carbon in the dry, ash-free ooal in the coals of higher rank, and the total 
carbon m those of lower rank His scheme of 1909 was as follows:— 
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Table 4. 



In dry ash-free coaL 

Class 

% Fixed 
carbon 

% Total C 

Graphite 

Over 99 


Anthracite 

Over 93 


Semi anthracite 

83 to 93 


Somi bituminous 

73 to 83 


Bituminous 

47 to 71 

80 to 88 

Sub bituminous 

47 to 71 

71 Bto 80 

Cannol 

15 to 47 

73 « to 88 

Ligmte 

30 to 55 

05 to 7 1 

Peat 

Below 50 

Below 65 


In 1906 S W Parr drew up a new classification based on the ratio of 
volatile carbon to total carbon expressed as a poi centaue Tho volatile carbon 
was the difference between the total carbon and the fixed carbon (C—F C 

V C 

= V 0 ) The basis of tho classification was therefore —y X 100 Por lower 

rank coals the percentage of inert volatile mattei was used and this, in tho 
pure dry coal, was got by subtracting from 100 tho percentages of C, S, ash, 
H g O and available H, anil multiplying the lemainder by 


_ 100 _ 

100—(Ash+moist u re) 


In 1922, Pair published a revised classification making use of Ins ‘unit coal’, 
wluch was again revised m 1928 Parr’s unit coal is pure coal He used tho 
following formulae — 


UmtBTU 


Unit Volatile matter = 


(Indicated B T U -60S) X100 
100-(1 08 Ash+0 66S) 

[V M as determined—(0 08 Ash+0 4S)]10 
100-(1 08 Ash+0 55S) 


In Parr’s scheme the percentage of unit volatile matter is useful in the 
higher rank coals whereas the unit oalorifio value (unit coal B T U ) is the 
characteristic property of the lower rank coals, which will be seen from Table 6 


Tablb 5.—Pair's classification 


Anthracite 
Semi anthracite 
Bituminous A 
Bituminous B 
Bituminous 0 
Bituminous D 
Lignite 
Peat 



% unit V M 

Unit coal B T U 


0- 8 

15,000-16,500 


8-12 

15,000-16,500 


12-24 

15,000-16,500 


25-50 

15,000-16,600 


30-55 

14,000-15,000 


35-60 

12,500-14,000 


85-60 

11,000-12,500 


65-80 

9,000-11,000 
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O C Ralston (1016) calculated a large number of ultimate analysis to the 
‘pure coal’ basis so that C, H and 0 totalled up to 100 He plotted the per¬ 
centages of these on triaxial co-ordinates and found that the coals separated 
on the graphs into some natural groups 

J D Fisher (1927) used two sots of tnlinear co-ordinates In one he 
plotted the constituents fixed carbon, volatile matter and moisture, based on 
the ash-free coal with moisture as rained In the second wore plotted C, H, O 
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Lovm diagram : Composition of different ranks of ooal on ash-free basis. 
(After M. R. Campbell.) 
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which were also on the ash-free, moist coal The approximate limits of the 
classes were shown in his diagrams by lines 

£ Stansfield (1025), m bis investigation of ooals of the Province of Alberta 
in Canada, found that moisture must be taken into account for a satisfactory 
classification There is always some difference between the ash and the total 
mineral matter which must also be taken mto aocount The analyses were 
recast to a uniform 10 per cent ash (or 11 per cent mineral matter) which 
procedure was found to be more satisfactory than calculation to the hypothetical 
‘pure coal’ basis 

M R Campbell has desonbed the classification adopted by the U S 
Geological Survey in a paper presented before the International Bituminous 
Coal Conference at Pittsburgh m 1920 The details of this are shown m the 
following statement (Table 6) as woll as in figure 1 

Table 6 —V 80 8 Classification 

Peat —Contains approximately 86% moisture, 10 4% volatile mattor, 4 6% 
fixed carbon, 1,290 BTU 

Lignite —Brown, woody or composed of finely divided plant tissues, or amor¬ 
phous and representing the first stage in the development of oannol 
Contains 26 to 45% moisture, on dry mg shruiks and breaks up m an 
irregular manner, 6,000 to 7,600 BTU 
Sub-bituminous —Black in colour, 12 to 26% moisture, slacks on exposure, 
7,000 to 11,000 B T U 

Bituminous—Slacks little on exposure, 11,000 to 15,000 BTU Fuol ratio 
below 2 6, this class includes oannels, some of the bost steam coals and the 
best gas and by-product coals * 

Semi-bituminous —Nearly smokeless, usually friable and slacks easily, 12,000 
to 15,400 BTU Fuel ratio 2-5 to 5 

Semi-anthracite —Harder than bituminous, burns with a short yellow flame at 
first and then with a blue flame; fuel ratio 5 to 10 
Anthracite —Hard, burns with a blue flame, does not soil the hands, difficult 
to ignito but burns without smoke Fuel ratio over 10 


Tablb 7. 


Grade 

Low Volatile. 

High Volatile 

Selected 

Up to 13% ash, over 
7,000 cal 

Up to 11% ash, under 6% 
moisture, over 6,800 oal. 

First 

Up to 15% ash, over 
6,500 oal 

Up to 13% ash; under 9% 
moisture; over 6,300 oal 

Second 

Up to 18% ash, over 
6,000 cal 

Up to 16% ash; under 
10% moisture; over 
6,000 oal. 

Third 

] Inferior to the above. 
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A simple classification is used by the Indian Coal Grading Board (Table 7) 
for coal intended for export This has been in use for over a dozen years 

The latest scheme evolved in America is that tentatively adopted by the 
American Standards Association (A S T M ) This recognises four broad classes 
Anthracite, Bituminous, Sub-bituminous and Lignite This scheme is shown in 
Table 8 

Table 8 —Classification of coal by rank (AST M) 


(Hass 

Group 

Fixed Carbon or 
B T U on mineral 
matter free liaais 

Physical property 

I Anthracite 

1 Meta-anthracite 

Dry FC 08% or 
more 


2 Normal anthracite 

Dry FC 98% or 
more up to 98% 


3 Semi anthracite 

Dry F C 86 to 92% 

Non agglutinating 1 

II Kitiinunuus 

1 Low volatile 

Dry F C 77 to 86% 


2 Medium volatile 

Dry Y C 69 to 77% 


3 High volatile A 

Dry F C leBs than 
09%, moist BTII 
14,000 or more 


4 High volatile B 

Moist BTU 13,000- 
14,000 8 


5 High volatile C 

Moist BTU 11,000- 
13,000 8 

Either agglutinating 
or non-weathering 

III Sub bitummous 

1 Sub bitummous A 

Moist BTU 11,000- 
13,000 ■ 

Both weathering and 
non agglutinating 

2 Sub bitummous B 

Moist BTU 9,500- 
11,000 8 


3 Sub bitummous C 

Moist BTU 8,300- 
9,500* 


IV Lignite 

1 Lignite 

Moist BTU less 
than 8,300 

Consolidated 

2 Brown coal 

Moist BTU less 
than 8,300 

Unconsolidated 


1 If agglutinating, classify under Low volatile bituminous 

8 Coals having 69 per cent or more fixed carbon on the dry mineral matter free basis 
are to be classified aooording to F C regardless of B T.U. 


In the above classification the mineral matter is taken as 11 times the 
ash, whioh has been found to be a very good approximation to the truth 
Coals having calorific value of 14,000 or over on the moist mineral matter free 
basis and those having 69 per oent or more of fixed carbon on the dry basis 
are classified according to fixed carbon If the fixed carbon is less than 69 
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per cent on the dry basis, the classification is made on the moist B T U In 
some semi-anthraoites it happens that they are agglutinating, in which case 
they will be put under the low volatile bituminous group The agglutinating 
test adopted is 600 grams of coal at a ratio of 16 parts of sand to 1 part of 
coal by the United States Bureau of Mines method 

The A S T M Committee recommended the following — 

100 

Dry mineral matter free basis = F0 Xi pZ ( lFpriA+0lg) 

100 

Moist mineral matter freo basis = F C X ^ (f ' T a +o Ts ) 

For the weathermg test, the United States Bureau of Mines test as 
described in the Report of Investigations No 3066 (1930) is applied In non¬ 
weathering coals the weathermg index should not oxceed 6% 

Seyler has very recently published a furthor elaborate discussion of 
classification on his pure coal basis and petrological constituents Here he 
examines the proposition that coals of the same olementary composition are 
identical in all properties Examining the rolation betwoon volatile matter 
and hydrogen, he proposes a law similar to Dulong’s law (V = aH —6C+K) 
This is found to be applicable only to bright, non-anthracitic coals He also 
finds that the composition of bright coal conforms to the rank Emphasis is 
laid on coal petrography Unfortunately, Soyler’s classification requires 
elaborate calculations on the data of ultimate analysis especially if the ooal 
contains appreciable quantities of‘dull coal’ and is therefore highly artificial 
Seyler however condemns the A S T M classification because it does not take 
into account the petrographical constituents, and adds—‘In addition, the 
A S T M proposals, by the unfortunate step of introducing in different parts of 
the same classification a change from the dry to the moist mineral free basis, 
destroy all the simple correlations between elementary composition, volatile 
matter, petrological composition and properties which we have discussed in 
the paper’ 

It will be noted that in Parr’s scheme volatile matter and calorific value 
are used while in Seyler’s the ‘pure coal’ is used Both these systems ignore 
the existence of moisture as an integral part of the coal The importance of 
moisture as an essential ingredient of tho coal subs tan oo is now well recognised 
and X-ray study shows that at least m the lower rank coals it plays much the 
same rdle as volatile matter Hence it would seem that moisture m coal 
as named (or under standard conditions of storage and drying) should be 
determined and taken into aooount for the purpose of classification 

The methods of determining moisture are now far from satisfactory, 
whether m the raw ooal as it comes out of the mine or in air-dried ooal In 
sampling, moisture from seepage should be carefully avoided jwid the coal 
should be immediately sealed air-tight and analysed as soon as possible If 
the ooal is stored, as is well known, moisture may be absorbed from the 
*7 



M & gBISttWA N. CLASSIFICATION OF COAL 


atmosphere or given up, according to conditions Henoe the question of the 
evaluation of this component should be studied intensively to arrive at a satis¬ 
factory method for the determination of that part of it which is inherent in the 
coal 

For coals of bituminous and lower ranks, the calorific value provides the 
best ontenon for differentiation The volatile matter shows only a small 
variation over a wide range and there is also muoh overlap Similarly, the sum 
of volatile matter and moisture (and alternatively fixed carbon, which is simply 
the difference between 100 and tho sum of volatiles and moisture in mineral 
matter free coal) fails The calorific value is, m addition, of great importance 
for commercial purposes and can be readily determined 

The ultimate analysis of coal is particularly useful in studying the behaviour 
of coal of lugher than bituminous rank, and has boen usod effectively by such 
authorities as Seylor and Ralston It is not so valuable in the case of tho 
lower ranks, for, as already mentioned, there is the difficulty about moisture 
which these authors have completely ignored 

For a classification to be of wide application, t e not only for one field 
but also over a whole country or oven universally, the analytical procedure 
and the subsequent reduction of the results to a uniform basis should be 
standardised In the evaluation of mineral matter Parr has used the factor 
1 08 to multiply the ash percentage Stansfield has Bhown that this factor 
vanes between 1‘05 and 1 20 for different Alberta coals m Canada and has 
advoo&ted the use of the factor 1-1 as a satisfactory one, and the same factor 
has also been used by Tideswell and Wheeler and recently by the A S T M 

If a standard method of adjustment is agreed upon for reduction to pure 
coal, comparison between different fields would be simplified Suoh a pro¬ 
cedure is necessary because the collection of representative samples of high 
punty for ‘pure coal’ determination is generally diffioult 


RantBXNOBS. 

1 Bone, W A —Coal and its scientific uses (Chapter V), London, 1918, pp 63-72 

* Campbell, M R.—Report on the operation of ooal testing plant of the U 8 G 8,1904, 

pp. 166, 173 Internal Oonf Bttum Ooal at Pittsburgh, 1926, Vol 1, p 6 

* Fieldner, A C—Classification of N. American coals Internal Oonf, Bvtum ooal at 

Pittsburgh, 1928, Vol 1. pp 632-681. 

4 Fisher, J. D—Notes regarding ooahfioation process. Jour. Qeal, 36, No 7, p 639, 
(1927) 

4 Fracer, P.—Tho Classification of Coal Trane. Amer Inst. Min. Eng , 6, pp 430-461, 
(1877). 

4 Grout, F. F.—Composition of ooals Eoon Geol , 2, p. 226 (1907), 4, p 646, (1909), 

4, p. 663, (1909). 

7 Parr, S. W —The classification of coal. Jour Amer Ohem. Soc , 28, p 1426, (1906), 
Jour. Ind. Eng Ohem., 14, p 919, (1922), Unw Illinois Eng. Expt. 8ta., Bull. 180, 
(1928). 

* Ralston, O. 0.—Graphio studies m the ultimate analysis of ooal. V. 8 Bur. Mines, 

Tech. Pap* 93. 

*7B 



M S KRISHNAN ‘ CLASSIFICATION OF COAL 


559 


• Selvig, W A., Ode, W H , and Fieldner, A. C —Classification of the coals of the U 8. 
according to-fixed carbon and BTU Trans Amur Inst Mm Eng , 108, pp. 188- 
107. (1934) 

Seyler, 0 A —Chemical classification of coal Fuel tn Science and Practice 3, pp. 15, 
41, 79, (1924), Petrology and classification of coal, Op ext , 17, pp 177, 200, 235, 
(1938) 

11 Stansfleld, E —A chemical survey of Alberta coals Trans Can Inst Mm Met , 
28, (1925) 

14 Tides well, F V, and Whoeler, R V —Pure ooal as a basis for classification Trans 
Amer Inst Mm Eng , 76, pp 200-214, (1928) 




MICRO-STRUCTURE OF SOME INDIAN FUSAINS. 

By N N Chattebjee 1 

The writer of this paper collected several samples of fusain from different 
coal seams and he is engaged in the physical and chemical study of them 
The present paper rocords only a part of the work and deals with the micro- 
structure of the following specimens — 

(i) Fusain from Hurra coalfiold, Rajmahal Hills 

( 11 ) „ „ Jilban coalfield, Rajmahal Hills 

(m) ,, „ XIV Boam, Jharia coalfield, Ekra colliery 

(iv) „ „ Borachak seam, Raniganj coalfiold 

(v) „ „ Borodhemo seam, Raniganj coalfield 

(vi) „ „ Salt Range coal (Ara), Punjab (kindly supphed by 

Dr Fox) 

(vu) ,, „ Talchir coalfield, Talchir colliery 

Regarding the occurrence and distribution of fusain in the coal substance 
it may be mentioned that they occur in greater abundance in the Talohir and 
Rajmahal Hill coals than in the othor coals of the Berios under discussion 
The Talchir and Rajmahal Hill coals are full of fusain patches which occur m a 
large number of thin layers When the coal specimen is split open, the surface 
is generally scattered over with small and thin fusain patches In the Jilban 
and Talchir samples, besides fusain which occurs in a large quantity, dull coal 
or durain is present in a large amount and vitrain or bright coal occurs m sub¬ 
ordinate amount In the case of Jharia and Ramganj coals fusain occurs in a 
small amount and in very thin layers It is very conspicuous by its softness, 
fibrous texture and the beautiful silky lustre on the fibrous strands As fusain 
haB little cohesive power the ooal splits roadily along planes where it occurs 
The fusain is never found to occur in great thickness and is usually less than 
2 mm thick whereas vitrain 2 or 3 inches thick and durain several niches thick 
have been noticed in some of the Gondwana coals The fusain is readily 
separated from the rest of the coal by scraping with a kmfe when the long fibrous 
strands and small sharp-pomted irregular splintery fragments fall freely from the 
ooal specimens The Tertiary ooal of the Salt Range contains only a few 
specks of fusain which is generally sharp-pomted, brittle and dark brownish 
in oolour and is fairly hard at the same time 

The microscopic investigation of the small samples of fusain reveals little 
of the structure because they are opaque Hence it is necessary to treat the 
material m some way to facilitate mioroscopio examination 
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The simple treatment of the fusam specimens with acids as suggested by 
Stopes and Wheeler 1 was carried out in the author’s laboratory Concentrated 
nitrio acid togother with a few drops of hydrochloric acid was added to eaoh 
of the fusain specimens and left for a week The acid solutions wore then 
neutralised by potassium hydroxide solution and after the process of neutralisa¬ 
tion sufficient water was added to each of the specimens After the above 
treatment it was found that fusam m all cases forms no froth and no true 
solution resulted In the case of the Jharia and Ramganj specimens the 
water was more or less clear and colourless In the case of Talohir and 
Rajmahal specimens the solution was straw coloured The particles of debris 
were very heavy and numerous and settled very quickly in the test tubes It 
may bo pointed out that, unlike fusam, vitram goes completely in solution 
which becomes deep tea coloured When the debris settled some of it was 
taken out, dried and the fragments wore examined and were found to be 
composed of fibrous strands and angular fragments of different sizes All of 
them were almost always black and opaque but a few of the fragments and 
fibres were of a light brown and yellow colour showing some cellular structure 
Some of these were transparent or semi-transparent and many of the black 
and opaque splintery fragments showed rows of bordered pits m them 

Appearance of untreated fusain under microscope in transmitted light 

The powder and fibres woro examined under the microscope They were 
found to be almost black, opaquo and sometimes show a scanty collular structure 
The cell walls are sometimes seen to be thickoned and empty and at other times 
filled with some colourless to light coloured foreign material showing double 
refraction The substance uppears to be silica Certain thin portions of the 
fibres and fragments of the fusain woro found to be slightly transparent giving 
rise to a yellowish brown colour They sometimes beautifully preserve layers 
of bordered pits One or two rows were quite common but three or four 
rows were also noticed in some oases Mr A K Banerji’s work may be 
mentioned in this connection (Rec 0, 8 I , Vol 66, Pt 3) 

Treated coal Maceration 

With a view to get better results, the fusain specimens were subjected to 
maceration treatment by a saturated solution of potassium chlorate and 
concentrated mtno acid (Schulze solution) In some cases with the above treat¬ 
ment the solution was of a pale yellow oolour which gave the indication that the 
ooal was highly resistant to the reagent In order to overcome this difficulty, 
concentrated sulphuno acid was added to the solution which was boiled 
for some time, thereby making the reacting solution completely efficacious 
Heating was not earned too far so that the ooal itself did not become swollen 
and charred The fusam specimens were allowed to re mam m the solution 


1 Fuel Bulletin, No 1, pp. 26-27 
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for a week or two and when the solution was ooloured brown the fusain pieoes 
were taken out and washed repeatedly with water in order to get rid of any 
adhering acids After this treatment the fusain particles were mounted 
on the slide and were examined under the microscope By the above treat¬ 
ment all the fusain particles did not become transparent or semi-transparent 
but some of the pieces acquired a slight transparency and could be studied under 
the microscope The cellular woody structure is not quite common m all 
the fusain particles But a large number of the Gondwana specimens contained 
specially thickened cells and tracheids with several vertical rows of bordered 
pits (um-seriate, bi-seriate, poly-seriate) One or two rows were quite common 
whereas three or four rows wore found to be present in some of the fragments 
The pits could be well seen and wore of different shape and size In 
some cases the pits wore rounded and circular whereas m othor fragments 
the pits wore elliptical and long and nairow and arranged m two rows situated 
alternately The description of the pits is givon below — 

The xylom is composed of tracheids with bordorod pits The pits are 
round or oval and are arranged on the surface wall in one, two or three vertical 
rows In some cases two rings of bordered pits and the common wall between 
adjacent pits are clearly discernible The uni-senate trachoids are on an 
average 40/* (1/* = 001 mm ) across and the pits (outer ring) 10/* m diameter 
(magnification 800 times) Tho evidence clearly points to the conclusion that 
it is a gymnospormous wood 

It may be mentioned that the Gondwana fusains have a very large number 
of fragments containing such characteristic bordored pits 

When the Salt Range fusain was similarly treated and examined under tho 
microsoopo it was found that the majority of the fragments remained black and 
opaque Some of tho fragments were however of a senu-transparent and of 
a yellowish brown colour but did not show much woody structure in them. 
On the other hand, only a very small number of pieces revealod some structure 
The few fragments of a yellowish brown colour contained tracheids with uni¬ 
senate bordored pits The cavities were of vory small dimension and of 
rounded nature These pits did not show the charaotenstio features m the 
same way as m the ease of the Gondwana fusains A few fragments also 
contain simple pits Several fragments of wood which are more in number 
than those just mentioned were found to be present in transverse seotion 
showing the water-conducting cavities of different sizes arranged ui a more 
or less regular manner Evidently these are not bordered pits The bigger 
cavities are arrangod in one row succeeded by another of mueh smaller cavities, 
possibly protoxylem and metaxylem, suggesting a dicotyledon Many pieoes 
of fusain have well-shaped curved boundaries showing that the pieoes have 
broken along the water cavities The intervening spaoes however remained 
absolutely black and opaque under the microscope without showing any woody 
odlular structure The regular arrangement of the cavities shows that they 
are fragments of angiospermous wood (dicot) There are also many fragments 
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in which the vessels are scattered in an irregular manner suggesting monocot 
The microscopic study thus tends to prove that the Salt Range Tertiary (Eocene) 
coal is composod of very small amounts of gymnospermous and of more pro- 
fuse angiospermous wood both dicot and monocot The Gondwana fusains 
discussion however have been derived from the degradation of a rich 
gymnospermous flora 
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—Bor&oh&k Fuflain. x 00. Reflected light (micro-photo). 











MICROSCOPIC DETERMINATION OF THE BARAKAR AND RANIGANJ 
SANDSTONES OF JHARIA COALFIELD. 


By S K Roy, Ph D ( Zunch ), Dhanbad 

The two coal measures of the Jharia coalfield are the Lower Coal Measures, 
or the Barakar series, and the upper Coal Measures, or the Raniganj Beries 
Macroscopically the rooks comprising thoso two series are similar, the most 
important difference being that the sandstones of the Barakar series are usually 
coarser-gramed and lighter coloured (moro white) than those of the Raniganj 
series which are also calcareous But sometimes wo come across sandstones 
belonging to thoso two coal measures which look exactly alike m the hand- 
specimens as woll as m the field And, in oase of any such doubt, as to whether 
the sandstone under question belongs to the Raniganj or Barakar senes, the 
problem can be easily solved by means of its heavy mineral assemblage Fossil 
evidence is also conclusive, but, as is woll known, fossils are not so common, nor 
are they so easily to be identified as the minerals under the microscope The 
microscopic examination of the heavy residue can be earned out with any 
spocimen of sandstone, small or big, and it always gives conclusive results 

From an examination of the heavy residuo slides of about a thousand 
different specimens of the Barakar and Raniganj sandstones collected from all 
over the Jharia coalfield, we have obtained the following interesting results.— 
Though the heavy mineral suites in the Barakar and the Raniganj beds are 
the same, viz garnet, magnetite, llmemto, zircon, tourmaline, rutile and 
epidoto, their proportions in the two suites are, however, entirely different 
In the Raniganj beds, garnet may be as much as 60-90% of the heavy residue, 
whereas m the Barakars it is never more than 60% and is usually only 1 to 3%. 
On the other hand, the proportion of zircon is only 1% in the Raniganj beds, 
whereas it is about 16% in the heavy mineral suites of the Barakar beds. 
These two minerals provide a very ready means of distinguishing the two 
senes of rocks of the Jharia coalfield from one another The study of the 
heavy mineral assemblages in the Barakar beds adjoining the various coal 
seams has given further interesting results 

On geological and other evidence Dr Fox has divided the Barakar series 
into four stages It is interesting that the heavy mineral suites of the Barakar 
rocks of the Jhana coalfield also justify four sub-divisions of the Barakar rock 
senes, very nearly corresponding to Dr Fox’s four stages The proportions 
of tourmaline and zircon provide easy means of distinguishing these four 
stages from one another The sandstones of the lowest stage of the Barakars, 
containing ooal seams Nos I to IV, are characterised by the preaenoe of a low 
tourmaline (about 6%) and moderate zircon (about 20%) contents; the second 
stage, containing ooal seams Nos V to XII, is marked by moderate tourmaline 
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(13 to 25%) and rather low (about 13%) zircon oontents In the third stage 
(containing XIII and XIV seams) tourmaline is still less abundant and zircon 
is abundant In the rocks of the fourth stage, containing seams XV to XV11I, 
the proportion of tourmaline increases to about 40%, whereas that of zircon 
falls down to about 2% 

It is interesting to note m this connection that most of the rooks of the 
Parasnath Hill are garnet-bearing. Pyroxene granulites, gametiferous gneisses 
and quartzites and calc-sihcate rocks, all containing garnet are quite common 
in the hill This suggests that these rocks might have supplied the material 
for the Raniganj series The comparative paucity of garnets m the heavy 
mineral suites of the Barakar series shows that during that period the drainage 
system must have been different from that in the Raniganj time 
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STUDIES IN COAL BY X-RAY DISTRACTION METHODS 
By C. Mahadevae, M A , D.Sc , Hyderabad Geological Survey 
Introduction 

The application of X-rays to the study of the Coal problem dates back to as 
early as 1912 H Couriot 1 examined by radiographic methods anthracite, 
coal, coke, peat, lignite, wood and charcoal Similar results were obtained 
by J Darnel, * by the same method and he attempted to correlate the radio- 
graphic appearance of the various samples with their composition as ascertained 
by chemical analysis Garret and Burton, 8 m 1912, m an important com¬ 
munication on the subject, suggested the development of the method for a 
rapid and simple means of ascertaining the distribution and aggregation of 
the ash of coal and for the possibility of discriminating between the various 
forms of ash, leading to increased knowledge of the origin and structure of 
ooal. 

Kemp C Norman 4 m a senes of interesting studies on similar lines has 
perfected a technique to determmo with a great dogroe of accuracy the per¬ 
centage and mode of distnbution of ash in coal The specimens were roughly 
6' X 3' and they were at a distance of one meter from the focal point of the 
X-ray tube and exposures varying from 20 seconds to 2 minutes were given 
and the radiographs recorded on the photographic plates From photometno 
measurements the ash content was calculated in those cases 

The systematic study of ooal by X-ray diffraction methods, based on the 
theory of Debye and Soherrer 6 as modified by Raman and Ramanathan ®, was 
commenced at Calcutta by the author in 1927 and tho materials for the study 
were generously given by Dr (now Sir) L L Fermor and Dr Cyril S Fox 
The details of the methods of study as well as of the results were published m 
a series of papers 7 between 1928 and 1935 

Experimental 

The souroe of X-rays for the experiment was a Shearer tube of the usual 
type with water-cooled aluminium cathode and copper target 

The window of the X-ray tube consisted of a circular brass slit whioh was 
covered with a thin punctureless aluminium foil kept m oontaot with a card¬ 
board and stuck to the tube by sealing wax The cathode rays impinging on 
the target gave rise to X-rays whioh emerged out of the tube through the 
brass slit The X-ray tube was oonneoted to a system of high vacuum backing 
pumps. An India-rubber pressure-tubing connected the X-ray tube to the 
lpw vacuum side, by suitably pinching this tube with a pinch-cock, the leak 
to the X-ray tube and hence the vacuum inside it oould be easily controlled. 
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The high tension current neoessary to run the X-ray tube was supplied 
by an oil-cooled transformer Alternating current at 160 V was obtained 
for the primary of the transformer from a rotary convertor The high tension 
terminal of the secondary of the transformer was connected to the cathode of 
the X-ray tube and the lower potential side was connected to the target and 
earthed A milliammeter in the secondary circuit recorded the current passing 
through the X-ray tube The safety spark gap of the transformer, intended to 
provido an alternate path of the current m the event of tho tubo gottmg hard 
through very high vaouum, was 8 ems 

The camera consisted of a rectangular wooden box covered with a lead 
shoath, having a suitable groove for the sliding of a J-size plate-holder The 
X-ray beam was collimated by passage tlirough a lead tube containing three 
small holes in senes, tho first hole being of 0 75 mm diameter and the last 
ono (nearest to the oamera) being 2 mm This gradation m tho size of the 
holes prevented the diffraction by tho metallic edges of the holes from reaching 
the photographic plate A metal disc with a central hole served as the container 
for the substances, and this diso could bo conveniently slipped on to a suitable 
reoeptacle of the lead cylinder mentioned above, to get the substance m the 
path of the ponoil of X-rays emerging through tho system of slits described 
A circular load disc, suitably suspended from the top of the camera by a wire, 
served to cut off the direot beam and prevented it from falling on the photo¬ 
graphic plate The X-ray diffraction pattern was received on an ‘isozenith ’ 
photographic plate oontained in the plate-holder 

An exposure of from 2 to 8 hours, depending on the nature of the substance, 
was given with a current of 5 milliamperes in the tube The angles of diffraction 
corresponding to tho various rings were calculated as follows The distance d, 
between the diffraoting Bubstanoe and the photographic plate, was measured 
The radius r of the halo (♦ e the distance from the oentre of the direct spot to 
the point on the halo where the intensity is maximum) was determined The 
angle of diffraction is then given by tan 8 = r/d The corresponding grating 
space ‘ a ’ could be calculated by using the Bragg formula — 

a ,t— — fl/0 - where A is the wave-length of the incident X-rayB. 
m sin 

To calculate the size of the diffracting particle, the distanoe between the 
points on the halo where the intensity fades to half of the maximum was 
determined The Laue equation, when suitably modified thus to the different 
oamera model used m the experiment, becomes . 

1 

d ’ 

where, t. the thiokness of the flake of substance, 

R the distanoe of the camera from the substance, 
d. the linear dimension of the particle as measured perpendicular 
to the plane of reflection, and 
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B: the angular width of the halo, less the natural angular width 
due to the finite aperture of the incident X-ray beam 
The values obtained by the above calculations give the sizes of the diffracting 
particles to the correct order of magnitude 


On Banded Bituminous Coals and their Constitution 


A typical lump of banded bituminous coal, taken from a coal seam, 
generally shows four different constituents These used to be described as 
dull coal, glossy coal, silky coal and mineral charcoal by the coal miners 

Mane Stopes 8 , m a well-known paper, distinguished them by their 
characteristic reactions to certain simplo chemical treatments and gave the 
name ‘durain’ for the dull coal, ‘vitrain’ for the glossy coal, ‘ olarain ’ for the 
silky coal and ‘fusain* for the mineral charcoal 

Clarence A Seylor 9 in a note in * Nature ’ pointed out a close correspondence 
between tho lithological classification of Stopes and the botanical nomenclature 
of Thiessen • 


Thiessen 


A Anthraxylon A x Structure absent, 
(of homogeneous obscure or faint 

botanical origin 
from stems or 
roots) 

A a Structure well pre- 
sorvod 

B Attntus of Bj Much anthraxylon 
heterogeneous present 

botanical origin, B 8 Little anthraxylon 
general plant present 

debns 


Vitrain 


Lustre glossy 
Fracture conchoi- 
dal or semi- 
con choidal, not 

laminated. 


Fusain A* 4 dull, friable 


Claram 


Durain 


/A s " Lustre silky, 
I minutely lami- 
/ nated 

lLustro silky, minute- 
( ly laminated. 

Dull compact. 


All the above constituents, except claram, are present in Indian coals, and 
have been studied by X-ray methods 

Let us first oonsider vitrain It is generally regarded as representing the 
fundamental coal substance Several investigators, 10 particularly Tideswell 
and Wheeler, have suggested that its origin is from a jelly-like peat called 
‘dopplente* which has lost its water on drymg, thus becoming brittle, with a 
oonohoidal fracture and having a shining black appearance 

The X-ray evidence is m conformity with the above results. In the 
first place, vitram shows two haloes, one intense and corresponding to a spacing 
of 3-31 A U , and the other faint and corresponding to a spacing of 2-12 k.V. 
Both of these haloes are m the same positions as those of the hexagonal carbon 
ring in graphite. This result should not of course be taken to imply the preeenoe 
of free oarbon, but only shows that the 'carboneotus matter* of vitram (whioh 
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may not be free carbon at all, as Cross and Sevan 11 have shown) contains 
the hexagonal carbon ring having the same structure as in graphite 

In the second place, both the haloes are very diffuse, and indeed 
a calculation of the particle size from the angular width of the haloes shows 
that the partioles are colloidal, having linear dimensions of the order of 10 to 40 
A TJ Chemical evidence also points to the same conclusion. 

Durain, on the other hand, is seen to give 8 haloes Two of them are the 
same as in vitrain In the position of these two haloes there is seen to be, 
from a study of the photographic negative, a great deal of overlapping The 
other rings, which are not overlapping, are all fairly sharp The durain was 
ignited m a platinum crucible over a Meeker Bumor till constancy of weight 
was attorned and the resulting ash was studied by the X-ray methods Three 
haloes were given with a 43lAU,3 38 AU, and 2 49 A U respectively 

For purposes of comparative studies, an X-ray pattern for graphito powder 
was obtained Wo see that the superposition of the ash and graphite powder 
haloes on the vitrain pattern reproduces the pattern we have actually obtained 
for durain 

Here it is of interest to refer to some contributions by Fermor, 12 who, from 
an examination of the composition of Indian coals in relation to their specific 
gravity and ash contont and moisture, has suggested that vitrain is a colloidal 
system of the gel or emulsoid typo and that durain is a colloidal system of the 
suspensoid type m which the vitrain is surmised to be the dispersion medium 
in whioh the mineral mattor and free carbon (the end product of vogotablo 
detritus) are suspended The X-ray results just described are m conformity 
with the above deductions 

Fusam is the last variety of coal examined The specimens have a fine 
fibrous structure, silky m appearance, soft and friable, soiling the fingers when 
handled The X-ray pattern of fusam disclosed 8 sharp haloes The strong 
inner haloes indicated localised Bpots of intensity characteristic of fibre patterns 
The interspaces are fairly clear The haziness due to the superposition of 
haloes observed m the case of durain seems to be almost absent here and the 
edges of the haloes are more or less uniformly well defined The haloes are 
seen to correspond to spacings due to free carbon and to ash 

There are several theories regarding the formation of fusam deduced from 
evidence afforded by their nature and association with the other types of coals 
m the field. Some believe it to be due to forest fires and consequent ohamng 
prior to the deposition of plant debris. This view does not find support from 
studies m Indian ooalfields 18 The scarcity of water (which acts as a thermostat 
during the process of coahfication) seems to have been responsible for the 
formation of fusain The mineral matter m fusam gives the haloes ascnbable 
to silica and alumina and one of these haloes is quite sharp—much like a crystal 
powder pattern This result suggests that though the woody fibre of the 
plant debris is mainly responsible for fusam (as indicated by the persistence of 
the fibre structure) some extraneous mineral matter has also got into association 
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with it. Sinoe both moisture and volatile matter are present in fusain (though 
in a comparatively smaller quantity) the interspaces between the haloes in the 
pattern cure not quite clear 

Thus, eaoh of the three constituents of banded bituminous coals from 
the Indian coalfields gives a uniquo X-ray pattern in keeping with its well- 
known structure and composition The vitrain is seen to be the nearest 
approach to the fundamental coal substance. For this reason, detailed 
studies were earned on with specimens of vitrain 

Light on Proanmate Analysis thrown by X-ray Patterns 
An examination of the X-ray patterns in relation to the proximate analysis 
of the coals brings out oertarn interesting features There is a general soattenng 
in between the haloes, and the degree of intensity of the general scattering as 
deduced by visual observations is given by indexes varymg from 1 to 10 
It is found that the intensity of the general scattering in the X-ray pattern 
shows an intimate relationship to the sum of moisture content and volatile matter 
rather than to either of them individually 

From the work of Mack and Hulett, 14 it is now well established that 
‘ moisture content’ in coals as determined by proximate analysis has not the 
same value as that obtained from dehydrating coals with suitable reagents suoh 
as phosphoric pentoxido or sulphuric acid, some of the water is in intimate 
association with the fundamental coal substanoo and cannot be dislodged by 
these treatments. Besides, the water as determined in proximate analysis 
may, to some extent, be derived from thermal action on the chemical complexes 
So, the ‘proximate analysis’ does not break the coal uniquely 

The correspondence of the general scattering m the X-ray pattern to the 
Bum of‘moisture oontent’ and ‘volatile matter’, rather than to either of them 
individually, seems to suggest strongly that these two are associated more 
intimately than we seem to understand from our present ohemioal knowledge 
In this connection, it is interesting to refer to a recent contribution of W T 
Thom, Jr 15 who, from a Btudy of several hundreds of proximate analysis 
earned out in the laboratories of the U S Geological Survey, records that a 
review of the mode of formation and natural history of coal satisfies us that 
moisture is a normal and natural ingredient among its volatile constituents, 
and a knowledge of analytical practice shows that the ‘moisture’ and ‘volatile 
matter’ reported are both mixtures of moisture and volatile matter rather 
than sharply differentiated distillation fractions 

A few of the specimens were dehydrated, and later their ‘volatile matter’ 
driven out X-ray patterns were obtained from these samples at eaoh of the 
stages 

With the driving away of‘moisture content’ the general soattenng shows 
a little clearing up; side by side with this, the width of the diffraction halo 
increases perceptibly In the pattern for the ‘volatile matter-free’ coals, 
precisely the above process seems to have been carried to completion. The 
x8 
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X-ray pattern for this residual product shows wider haloes with very little 
general scattering between the direct spot and haloes The peak intensities 
of the haloos are however quite unaltered, suggesting a structural stability of 
the diffracting particles The widening of the diffraction halo and the diminu¬ 
tion of the general scattering with the above treatments suggest a very intimate 
association of the ‘moisture’ and ‘volatile matter’ with a nucleus of stable 
structure Incidentally the view set forth earlier about the artificial nature 
of proximate analysis is further supported from thoso results 


Alpha, Beta, and Oamma Compounds of Coal 
In the study of the constitution of coal, organic solvents have been used 
from very early times We may refer for a comprehensive review of the subject 
up to 1918 to Stopos' and Whooler’s 18 excellent monograph 

In reoent years, the extraction of coals by benzene under pressure has 
been extensively tried by various workers, notably by Bone, Fischer and 
others 

Bed son it was the first to show the highly satisfactory results afforded 
by usmg pyridine to extract coals Wheeler and his associates 18 in a senes of 
systematic studies broke up coals by pyridine, and the extracted product by 
benzene or chloroform 

Bttumtnous Coal 


Treatment with Pyndxne 


Insoluble residue 
(Alpha compounds) 


Extract 

(Treatment with Benzene) 

Insoluble residue Extract 
(Beta compound) (Gamma oompound) 


They claimed that a nearly complete separation of the coals was effected 
by the above prooess into their oellulosic and resimc constituents They 
attnbuted similarity of composition to the alpha and beta compounds 
(oellulosic), whereas the ‘gamma compounds’ were surmised to be resimo 
constituents Bone 19 and his students, in a series of detailed investigations 
with improved technique, have generally agreed with the conclusions drawn 
by Wheeler and his associates although they pointed out some discrepancies 
in the inferences of the latter According to Bone 80 the resimo constituents 
of Wheeler contain not only pure ream, but also some ‘humic subetanoe’, 
very probably derived from oellulosic products 

The Alpha, Beta and Comma compounds have also been studied by the 
author by X-ray diffraotion methods Coarsely but not uniformly powdered 
coal was kept m a suitable thimble and extracted in the absenoe of air m an 
all-glass Soxhlet’s extraction apparatus An electric heater was used for 
i8b 
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ensuring uniformity of conditions. The operation was allowed to go on con¬ 
tinuously for sevoral days till the pyridine in the chamber showed no coloration 
even after contaot with the coal overnight About 140 hours were usually 
required for a thorough extraction, resulting in a chocolate brown solution 
and a black residual product, bereft of any cohesive property Most of the 
pyridine was recovered by distillation under very low pressure The extract 
was finally freed from traces of pyridine by keeping m a vacuum dosiocator 
and connecting it to an exhaustion pump The product so obtained was of 
a madder red colour This was agaui extracted m the Soxhlet’s apparatus 
with benzene, which took part of it mto solution and left behind an insoluble 
residue All the three products thus obtained woro studied by the X-ray 
methods 

From results it is seen that tho alpha and beta compounds give nearly 
identical patterns Their peak intensity is the same, for the beta product 
there is however a little widoning of the haloes (suggesting a finer division of 
tho particles), and a great deal of mtonso general scattering The gamma 
compound consists of three haloes, tho innermost one is intense and has a 
somewhat defined edge, the noxt is diffuse, and the outermost is very faint 

The author exnminod a number of natural and fossil resins from different 
horizons and ages by X-ray methods 81 with a viow to soo if the gamma com¬ 
pounds of coal had any structural relationship to those resins, one of the resms 
thus studied being from the Palana lignites Tho gamma compound pattern 
for those rosins afford evidence of a moio complex composition and structure 

In this connection it may be mentioned that the X-ray pattern for the end 
residual product of Palana peaty lignite, alter pressure extraction with 10% 
NaOH and the subsequent digestion of tho residue with 72% sulpliuno aoid, 
is muoh like gamma patterns of coal 

The Ash xn Goals 

The three coals—vitram, duram and fusain—were heated in a platinum 
cruoible with a Meeker burner for several hours till constancy of weight of the 
resulting ash was attained The residue m each case was studied by the X-ray 
methods The ash derived from vitram shows no distinct mtensity maxima, 
only extremely diffuse haloes are obsorved. For duram asb there are three 
maxima, one shows orystal powder spacing, another indicates finer division 
of the particles and the third is characteristic of centres of diffraction of oolloidal 
dimensions The existence of mineral matter in these three stages is now 
fairly well established from coal washing methods. It is interesting that 
Fermor,** from the ash-density-relationship, also suggests that some of the 
ash m the duram is m a oolloidal state and part of it may be coarser matter 
The X-ray results are in oonformity with the above observations, from an 
independent field of research. 

For fusain, all the haloes in the ash pattern are more or less well defined 
and there does not seem to be any oolloidal matter in it. 
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In the coal ash it is now recognised that silica and alumina constitute 
most of the extraneous mineral matter, though compounds of iron, calcium, 
etc , may also be present m smaller quantities Calculations of the spaomgs, 
for the most important planes of silica and alumina, were made with the help 
of the well-known equation of Hull It is seen from these results that the 
ash pattern is primarily due to these two sources of mineral matter, namely 
silica and alumina 


Geological Age and X-ray Pattern 

Geologists have long reoogmsed the influence of age and environmental 
conditions on the process of coalifioation As the changes however are largely 
of a structural kind, the chemical researches have not been adequate to bring 
out conclusively the marked differences between the newer and older ooals 

It is seen however that the X-ray patterns for the Permo-Carboniferous 
and Tertiary ooals indicate distinct differences Firstly, examining the 
scattering index of the X-ray pattern in relation to the sum of moisture content 
and volatile matter, we see that the correspondence is satisfactory only when 
we divide the coals into two groups—the older and the newer Thus the index 
gradually rises from 4 to 9, with the rise of the sum of moisture content and 
volatile matter from 23 9% to 56 62% Coming to the Tertiary group of coals 
we see that for a smaller percentage of these two ingredients, » e , for 46 63% 
the soattenng index is still 9—a result we obtained in the older coals for as 
large a percentage as 56-62% moisture content + volatile matter The 
other specimens of the normal Tertiary coals also show suoh deviation, but the 
correspondence in the same group of coals between this index and the sum of 
moisture content and volatile matter is quite satisfactory 

Secondly, a more striking difference in the X-ray pattern between the two 
groups of ooals is distinguishable The spaomgs for the peak intensity of the 
older group of ooals give consistent values of 3-38 A U for the inner intense 
halo and 2*12 A U for the outer faint halo, whereas the corresponding figures 
for the Tertiary coals are 3*5 A U and 2 2 A U respectively The differences 
noted are beyond the magnitude of experimental errors and are indicative of 
a fundamental structural difference. This is noteworthy, especially sinoe no 
definite correlation was possible from other branches of investigation For 
example, from a study of vitrains of different geologioal ages, Fermor has 
recently concluded that no marked correlation is observed between age and 
any one iaotor of the proximate analysis but only a minor degree of correlation 
between age and fuel ratios Examining, however, whether m the same coal¬ 
field, the different Beams show any orderly ohange of specific gravity, com¬ 
position or fuel ratio, he finds that in the Barakar stage, the increasing strati- 
graphical depth is aooompamed by a regular decrease of moisture and volatile 
matter and an increase of fixed carbon and fuel ratio Similar evidence is 
adduced from a study of the other coalfields. He suggests that the non- 
correspondence observed between age and composition m different coalfields 
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may be due to the differences in the original vegetable deposited Sinoe 
‘proximate analysis’ is only an empirically standardised and rather crude 
artificial process and does not break the ooal up into its natural constituents, 
the observed anomaly is not surprising From a more rational method of 
disintegrating coal and studying the individual members in detail, 
Fischer, Broche and Strauch 84 suggest that with increasing geological age of 
the coals, the ratio of free hydrocarbons to resins increase while the decomposi¬ 
tion temperature of the resms are raised 

X-ray Study on Tertiary Coals 

Chemical and X-ray investigations were carried out with Tertiary coals 
of the same geological age and horizon, ranging from peaty lignites to anthra¬ 
cites 86 The samples were lignite from Palana in Bikaner State, Rajputana, 
coals from Mach in Baluchistan and Makarwal in the Salt Range and finally 
anthracite from Jammu, Kashmir Chemical analyses of the coals indicate 
that in coalification, the degradation of the cellulose of the vegetable matter 
is at first rapid, while the lignin is more resistent, m conformity with the 
generally accepted views, but after a certain stage, the destruction of oellulose 
seems to proceed at a much lower pace, while that of lignin is more rapid 
The presence of small amounts of cellulose in coals (as represented by Makarwal 
and Mach specimens) is an interesting result in this study 

Lignins were isolated from the coalH by digestion with alkali, and purified 
The X-ray pattern of all these lignins are practically identical, and resemble 
tho pattern for flax lignin On a comparison of the X-ray patterns for the 
untreated flax and its lignin, it is seen that except for the observation of 
fibrous nature in the untreated flax, the haloes in the two cases show great 
similarity 

In the case of lignite from Palana, the end residual products after alkali 
autoolavmg and acid treatment give X-ray patterns very similar to the ‘gamma 
compound ’ pattern of coals 

The X-ray patterns obtained with the peaty lignites and ligmtio coals m 
the untreated state consist of two haloes, one intense, and the other somewhat 
fainter, the corresponding spacings for the two groups being 3*69 A U (intense), 
2 43 A U. (faint) and 3*6 A U (intense) and 2*23 A U (faint) respectively The 
anthracitic coal give quite a different pattern showing unmistakable indica¬ 
tions of carbon in a fairly coarse state The spacing for the Tertiary coals, 
viz 3*6 A U are distinctly different from the corresponding values, viz. 3 39 A U. 
for Permo-Carboniferous coals, m spite of apparent similarity of the com¬ 
position as determined by ‘proximate analysis’. These observations have a 
relation to the geological history of the coalfields from where the specimens 
were obtained and a relation to the Bergius theory M of coal formation in 
nature 

It is seen that in oonformity with the field observations, the X-ray patterns 
show progressive alteration to the anthracitic stage with increasing pressure. 
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The Palana lignites which have not been subjected to much pressure show larger 
spacing for the halo—similar to a pattern for peat, the next set of coals— 
Mach and Makarwal—have been subjected to moderate pressure and they 
correspond closely to the normal, Tertiary coals studied from other horizons 
The anthracitio coals of Jammu which are from a region of great tectomo 
activity give patterns characteristic of free carbon and mmeral matter 

The distinct difference between the X-ray patterns of the Tertiary and the 
upper palaeozoic coals, especially the higher spacings for the former m spite 
of their similar proximate composition, points to a less compact structure of 
the fundamental coal substance in the Tertiary specimens The palaeozoic 
coals seem to havo reached tho final stage of maturity In normal palaeozoic 
strata, anthracitio coals are absent The existence, however, of anthracites 
in highly folded regions is attributed to the great pressure to which these regions 
had been subjected Tho results of the X-ray study are in conformity with the 
above observations and support the Bergius’ theory of coal and anthracite 
formation in nature 28 

Recent studies in the Coal Problem by Workers abroad. 

A bnef reference may be made to contributions on the X-ray study of coal 
and associated products by George F Beal and co-workers 27 who have published 
then- results on the study of resins by X-ray diffraction methods and confirm 
and extend the results obtained by the author from a Btudy of the fossil and 
natural resms of India More recently, Von A Boldyrev 28 , Director of 
Foderov’s institute in Leningrad and his co-worker havo made a systematic 
study of the Russian coals and anthracites, on the lines initiated by the author 

In conclusion it may be mentioned that the systematic study of coal by 
X-ray diffraction mothods opens up vast possibilities both on the academical 
and industrial side It is hoped that this subject will attract more workers 
from all over tho world devoted exclusively to this study 
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THE PALAEOBOTANICAL CORRELATION OF COAL SEAMS IN INDIA 


By B Sahni, 8c D , F R 8 

There is one aspect of ‘Coal in India’ which I feel has not reoeived due 
attention in our country and in whioh considerable progress has been made in 
recent years in America, England, Belgium, Holland, France, Germany and 
Russia I mean the correlation of coal seams with the help of the plant remains, 
particularly the spores, contained in the ooal itself 

The Polished Section method —I know of only two publications bearing 
directly upon the subject and theso arc a briof paper by Dr A K Banerji 
who investigated in the laboratory of Professor Gothan at Berlin some polished 
sections of samples of Indian coals (Banerji, A K , Microscopic Study of some 
Indian Coals Bee Oeol 8urv Ind , LXVI, pp 333-347, 1032-1933), and a 
brief note by Mr J Lomax published in a paper by G S Caldwell (Trans. 
Inst Min. Met , LXXIV, 1927) This method deserves much further develop¬ 
ment and no doubt has groat possibilities But while polished sections 
frequently reveal characteristic types of plant remains whit h can bo used for 
correlation purposes the observations are necessarily limited to the plane 
of the section 

The Maceration method —Much greater possibilities he m the method by 
which known quantities of ooal, taken from different seams or from exactly 
measured levels within each seam, can be subjected to maceration m bulk and 
their ‘flora’ analysed m detail both quantitatively and qualitatively The 
variations m the flora from seam to Beam or from level to level within a given 
seam will give the clue to correlations of seams between different coalfields 
as well as within a coalfield Of course, the limitations of this method should 
also be admitted: the reliability of the results must depend upon the number 
and variety of samples investigated 

There is urgent need in India of a thorough study, on a large scale, of the 
spores and cutioles of Indian fossil plants, particularly of those from the 
Lower Gondwanas, whioh contain such a vast proportion of our most valuable 
coals Onoe we possess a standardised knowledge of the spores and cutioles of 
known species of plants found m the associated shales, the correlation of these 
with sporeB and cuticles obtained by maceration from coal samples would be 
greatly facilitated with results that may be of far-reaching eoonomic significance. 

Luckily, this is a line of investigation that can be pursued by laboratory 
workers even far removed from the coal areas, provided they are assured of a 
supply of authentic samples from known localities and horizons. 
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The Geological Survey Department and the ooal concerns would do 
well to provide the relatively small funds necessary for such research before 
advising or undertaking the expense of large operations that might prove 
fruitless in the end Incidentally this kind of work provides excellent ground 
where palaeobotamsts working at Universities m India can co-operate with tho 
mining conoerns and with the Geologioal Survey 



STATE CONTROL IN THE COAL INDUSTRY 1 

By M S Kmshnan, M A , PhD ,F NI, Geological Survey of Indta 
Introduction 

Mining became a major industry m the world about a century ago, at whioh 
time every individual (or a group of individuals) m somo countries had 
unrestnoted freedom to dispose of his mineral property as he pleased During 
the past balf a century, however, Governments have been gradually encroaching 
on the rights of the citizen, claiming to act m the public interest An attempt 
is made m this paper to present a brief review of the extent to which the State 
interferes in respect of coal mining in some of the important ooal producing 
countries of the world State control has particularly grown sinoe the 
Great War even m countries which used to be cited as giving complete freedom 
to pnvato enterprise In other countries where some form of oligarchic or 
autocratic government exists, the control is so thorough that every industrial 
enterprise has to fit itself into the national economic structure under the 
direction of the Stato 

Coal is one of the most important minerals mined in many oountnes of 
the world In spite of the phenomenal growth of alternative sources of power 
like oil, natural gas and hydro-clectricity, coal is still the most important of 
the group as will be seen from the fact that the total output in 1929 amounted 
to about 1660 million metric tons About 60 countries figure in world statistics 
as producers of coal, but less than a dozen countries account for rune-tenths of 
the total world output 

USSR 

It is scarcely necessary to say that the coal industry is State-controlled in 
the Soviet Union The whole industry including mining, processing and dis¬ 
tribution is run by the Government according to a well-defined plan We 
have here large units working to capacity in various parts of the country, and 
the output is put to the best use possible, with the almost entire elimination of 
suoh problems as private profit, waste, over-production, competition, etc. 
Unlike m many other oountnes, whatever be the type of coal mined, some 
use is found for it. The polioy of industrialisation pursued by the Government 
him mmfa the country one of the most important ooal producers in the world. 

Germany. 

Germany ranks as the seoond largest producer of coal and lignite in the 
world, whose proved and probable reserves in ooal (excl u d ing brown ooal) 

l Published by permi*k>n of the Director, Geological Survey of India. 
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down to a depth of 2,000 metres have been estimated at over 288,000 million 
tons Seventy-four per cent of this total is found in the great industrial 
region of the Ruhr district, and 18 per cent m Upper Silesia 

The first effort at control of the coal industry was made in Rhineland in 
1893 in order to regulate production and prices A State law in 1919 brought 
into being distnot and regional organisations to exorcise control over production, 
prices and distribution of markets, and at the same time to safeguard the 
interests of workers and consumers The central organisation, the 
Reicbskohlenrat (Coal Council), was virtually dissolved by the Coal Mining 
Law of 21st April, 1933, and its powers were assumed by the Reiclisminister 
of Economy There are at present several State mines whose aggregate pro¬ 
duction in 1936 amounted to 17 per cent of the total for Germany All the 
output from the Saar, about 80 per cent of that from the Hanover region 
and nearly 9 per cent of that from the Ruhr came from the State mines The 
ownership of minerals m most parts of Germany is vestod m tho State, but 
private ownership still persists m some areas Mining operations are subject 
to inspection and direction by the Provincial authorities who also enforce 
lawB by which the health and safety of the miners and the safety of the proporty 
and public welfare are safeguarded 

By 1936, Germany had achieved a considerable degree of rationalisation 
in order to meet the ever-increasing taxation and other restrictions imposed by 
the State Between 1924 and 1934 the number of mining units were reduced 
from 376 to 224, and the number of mines producing over 1 million tons per 
annum increased from 6 to 26 Extensive mechanisation has resulted in an 
appreciable increase of output per man-shift during the same period (1670 
to 2433 kg per man-shift) Coal is given special preference in freight rates in 
internal markets and in export by the provision of a sliding scale for long 
distance transport over rail and water 

The brown coal industry of Germany is organised separately from black 
coal, and controlled by three regional syndicates—the Central Syndicate at 
Leipzig, the East Elbe at Berlin and the Rhenish at Cologne. These fix the 
production and sales quotas, prioes and sales districts The industry has 
attained a high pitch of efficiency and much of the brown coal is mined by 
mechanical scrapers. In the mining districts it is being extensively used for 
power production and as fuel in a variety of industries and also as domestic 
fuel in the form of briquettes 

Though nominally the industries of Germany are run by private agencies 
they are very closely controlled and co-ordinated by the Minister of Economy 
The introduction of the four-year plan and the drive for self-sufficiency have 
brought about a great improvement in all aspects of the ooal industry Better 
methods of m i ning , handling and distribution have been evolved. Huge 
oentral power stations, run on brown coal, distribute electricity to industrial 
centres within easy reach. Coke plants and gas plants deliver gaseous fuel 
through pipe lines to places more than a hundred miles away. Production of 
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motor fuel from coal is now an important industry which was responsible for 
an output of 66 per cent of the country’s requirements of motor fuel in 1936 

France 

Until the Great War, minerals in Franco wore governod by tho Napoleonic 
laws of 1810, undor which concessions were given to losseos in perpotuity with 
power to transfer the lease as property The law was revised in 1919 and 
concessions are now grantod for 99 years The State is entitled to tax exoess 
profits at rates varying from 10 to 76 per cent, other taxes including the 
turnover tax are now collected as an ad valorem tax amounting to 2 76 per 
cent of tho pit mouth value These latter taxes averaged a total of 9 francs 
per ton of coal mined in 1934 

Tho State does not conduct any mining operations but has powers of 
supervision of mines Tho ontue output of France is controlled by about 100 
undertakings, 28 of which are responsible for nearly 90 per cent of the national 
output There are close financial relationships between the coal mmes and 
different mdustiies, eg chemical, metallurgical and power supply Franco 
produces about 50 million tons of coal poi yoar which meet only two-thirds of 
her requirements, the rest being imported Several countries participate m 
tins trade, Great Britain leading with about 38 per eont of tho import quota, 
the other chiof participants being Germany, Belgium, Netherlands, Poland, 
USSR and Indo-china Tho imports are regulated by lioence to different 
countries under a quota system, and are liable to import duty 

There are now regional organisations of producers each with woll-defined 
sales zones and quotas of production and with powoi to fix prices By the 
law of 18th August, 1936, the Government has taken powers to regulato prices 
of domestic and imported coal and to grant subventions to individual organisa¬ 
tions which may suffer handicap due to labour laws 

Italy 

Amongst the Great Powers, Italy has perhaps the least resources m 
min eral raw materials Good coal occurs only at La Thuile in Piedmont and 
at Seui in Sardinia, the total output from these being only of the order of 100,000 
tons Deposits of lignite occur at Carbonia m Sardinia, Area m Istna, and in 
Tuscany, but the total production is only about 1 8 million tons per annum 
Italy imports about 12 million tons of coal per annum from Germany, Britain 
and Poland, the first contributing 60 to 70 per oent of the imports The 
imports are regulated by the Italian State Railways which aot as the controlling 
and distributing organisation Large sums of money are being spent m 
exploration and development of the ooal resources 


Poland. 

A national cartel (the Polish Coal Convention) was formed m 1926 
amalgamating the three former regional oartels of East Upper Silesia, Craoow 
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and Dombrowa Output and sales quotas are fixed for each mine, both in 
respect of the borne and foreign markets Mi nimum pithead prices are fixed 
by the Convention but tho Government exercises power over maximum market 
prices The coals are classified into definite grades and the material is 
compelled to be marketed under its proper classification 

Export is helped by subsidies, tho marketing being done by the oollienes 
themselves, subject of course to the regulations laid down by the Convention 
Poland has now an export agreement with Great Britain m respect of their 
common markets The original agreement of 1934 was renewed with oertarn 
changes in 1937 

The State exercises supervision over the National Convention through 
the Minister for Industries who has powers for controlling output quotas for 
the internal and export markets and to regulate prices in the home market 
Export coal is now favoured by specially low freight m order to enable it to 
compete with British and German coal 


Other Central European Countries 

In Holland and Czechoslovakia, and particularly in tho former, the 
State mines produce much coal The State mines m Holland also run power 
plants and coke ovens supplying gas to the public and manufacturing ammonium 
sulphate which is sold as fertiliser Some of the Czechoslovakia mines are 
affiliated with the steel, chemical and ceramic industries, but a large number 
are independent In those and other countries (Belgium, Hungary and 
Bulgaria) the State exercises control over production and prioea 


Great Britain 

Until very recently the underground mineral rights in Great Britain 
belonged to the owners of the surface, but these private rights have now been 
aoquired by the Government at a cost of about £66,000,000, the royalty rights 
thus passing to the State 

The first attempt at control was made by legislation m 1930 which 
empowered the Government to prevent wasteful competition, to control output 
and to onforoe the amalgamation of small and uneconomic properties These 
powers have smoe been gradually extended The coal producing areas have 
been divided into 17 districts in which organisations elected from among the 
produoere have been Bet up for controlling output and pnoee Smoe 1936, 
each district has a central selling agenoy. A national organisation regulates 
the district ones. Export quotas are separate from the internal market quotas. 
National and regional Investigation Committees have been set up for settling 
disputes, while the Board of Trade exercises general supervision over the whole 
scheme. 
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United States of America 

Mineral rights in the Eastern and Mid-western States belong to the surface 
owners, but in Alaska and some of the Western States they belong to the 
State 

An effort was made under the National Industrial Recovery Act (N R A ) 
of 1933 to establish district organisations for controlling production and pncos 
under the supervision of a Coal Administrator This and the Coal Conservation 
Aot of 1935, m which a small Commission was vested with powers to control 
prices, were declared unconstitutional by the Supreme Court The Bituminous 
Coal Act of 1937 became effective in 1937, which aimed at controlling prioes 
It is concerned only with bituminous coal (not with anthracite or other com¬ 
peting fuels) The mines are divided amongst 23 districts, in eaoh of whioh a 
controlling Board has been set up The central co-ordinating organisation is 
the ‘National Bituminous Coal Commission’ in which there is representation for 
owners, labour and Government Each district is required, under the pro¬ 
visions of the Act, to submit to the central authority minimum prioes for the 
various grades of coal to be sold within its area, but no provision exists for 
limiting production or apportioning markets Since non-members (those 
mines which do not join the distriot organisations) are penalised by a tax of 
19J per cent on the pit mouth value of the coal produced, the adherence of all 
mines to the organisation is assured unless they are debarred by the Code which 
details certain trade practices as unfair 

The working of the Act has so far not been successful for it has resulted 
in an enormous amount of protests and legal actions, so that even eaily in 
1939 the markets were highly disorganised The main provision of the Aot to 
which objection is taken vehemently is the one prohibiting the long established 
custom of making forward contracts and insisting on fixing prices for only 
short periods At the same time there is no pnoe control on other competing 
fuels The ooal producers themselves are prohibited from taking concerted 
aotion because of the anti-trust laws The Act is, however, still m a state of 
flux 

Canada 

The Dominion Government has control over minerals m Yukon and North- 
west Territories whereas the individual States own the minerals only m the 
‘Publio Lands’ under their jurisdiction, »e m those areas which were not 
settled before 1887 The Dominion and State governments have supervision 
over safety only but have no oontrol over output or prices The Government 
however helps the industry by giving preferential railway freights so as to 
equalise competition among the different fields A special bounty is also in 
force for enoouraging the use of Canadian coal in carbonisation plants. 

South Africa 

The producing fields are mainly in the Transvaal and Natal, the former 
being responsible for over two-thirds of the total production of the Country. 
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Natal is however important since it exports half its output There are sales 
organisations in both the Provinces and quotas are operative for the internal 
trade and for bunkering, but not for the export trade The export trade is 
helped by specially cheap railway freights For instance the freight for export 
coal from the Natal field to the port of Durban (275 miles) is 5s 9d per ton 
whereas the freight for the same distance for the internal market is 12s 6d 
per ton The export coal is graded and certified as in India, and in fact we 
seem to have copied South Africa in this respect 


Japan 

The coal production of Japan is a little less than double that of India 
There are two organisations, one for the larger producers and the other for 
the smaller ones, run on a voluntary basis but under Government supervision 
They fix production quotas and prices The Government has given much 
enoouragement for fuel research, and especially for carbonisation and for the 
manufacture of motor fuel from coal It is learnt that large plants are under 
construction for the latter purpose both m Japan and in Manchuria 


China 

A mining law was promulgated m 1930 by the National Government of 
Nanking, under which all mineral wealth was declared to belong to the State 
Prospecting and mining leases were granted by the State, tho formor for a 
period of two years and the latter for 20 years but renewable for two further 
like periods Plans for the introduction of production quotas were under 
consideration some time before the Japanese invaded the country 


India 

The ooal industry of India, compared to that of many of the countries 
reviewed above, is relatively free from control Grading has been enforced 
on export ooal since 1926 to enable it to compete with the South African 
matenal A cess is levied on soft coke to encourage its marketing but so for 
no improvements are discernible in the method of its manufacture Arrange¬ 
ments have very reoently been made for the establishment of rescue stations 
m the Jhana and Ramganj fields and oompulsory sand-stowing is to be started 
at a very early date. Except for a certain amount of oontrol on the export 
ooal, there are no measures in foroe for the oontrol of the industry. There is 
no pnoe or production control so that the markets are extremely competitive 
and the private industry is always apprehensive of increased production from 
the oollienes run by the Railways. 
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General Renew* 

In most oountriee efforts have been made m recent years to oontrol output 
and pnoes. Endeavour has also been made to encourage export by special 
freight rates, bounties, eto., and also by concluding agreements with com* 
petitors. It should, however, be borne in mind that only 10 per cent of the 
world’s production enters into the international trade, the rest being consumed 
in the country of origin In maintaining lower pnoes for export ooal, an 
additional burden is often thrown on the domestic consumer either as higher 
pnoe or as a form of tax. 

A widespread tendency to integration is very evident since the Great 
War In many countries the smaller and uneconomic properties are oom- 
pulsonly shut down or amalgamated with other units Thus m the Ruhr 
district the number of separate undertakings has fallen from 120 in 1893 to 
33 in 1930, while the average annual output per colliery has increased six-fold 
(from half a million tons to three million tons) In Belgium the number of 
enterprises has been reduced from 122 in 1913 to 86 in 1936, the average 
production from each mine having risen from 86,000 tons to 160,000 tons In 
Great Britain the number of separate enterprises has been reduced from 3,289 
in 1923 to 2,080 in 1936. In U S A the bituminous coal enterprises numbered 
9,331 in 1913 but there were only 6,316 in 1936, while the number of mines 
producing over 100,000 tons per annum has risen from 70 per oent of the total 
in 1913 to 80 per cent in 1936 

The amalgamation of units engaged in the same industry is called 
‘ horizontal integration ’ in eoonomio parlanoe. In * vertical integration ’ several 
different industries are managed by a central organisation, so that all stages of 
production from the winning of the raw materials to the marketing of the 
hmshed product are under unified oontrol Both these types have attained 
vast dimensions in the Soviet Union and the USA In Germany also we have 
examples of both m the ooal industry and m the steel and chemical industries 
Muoh has been done in Great Britain towards horizontal integration m ooal 
mining We have examples of both types in India m the large business houses 
which oontrol various industries under the managing agency system. The 
Japanese controlled South Manchuria Railway m Manchuria and the two or 
three well-known powerful organisations m Japan are also noteworthy examples. 
The tendency during the last two or three decades has been towards the building 
up of similar large organisations in many oountriee. 

In conclusion, I give below a table taken from the ‘World Ooal Mining 
Industry’ (published by the International Labour Office, Geneva, 1938) in 
which are summarised the different types of State oontrol, regulation and aid 
at present in foroe in several important ooal producing oountriee of the world. 
The report mentioned above oontains muoh information of value to the ooal 
industry. India can profit to a large extent by the oareful study of the 
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expenenoe of other coal producing countries in order to be able to organise 
her coal industry and make it prosperous. 

Table 1. —The economic and commercial set-up of the coal trade and industry 
»» some countries 


Australia 

Austria 

Belgium 

Brazil 

Bulgaria 

Canada 

China 

Chile 

Czechoslovakia 

Denmark 

Finland 

France 

Germany 

Great Britain 

B—Fei—0—P—T—XC 

A—Fet—Q—T 

. A—B—Fei-O—P—Q—TP 

A—E—H—P—R—TPp 

A—E—Fei—Q—R—T 

A—B—Fi—M—TPp 

T 

B—C—L—M—R—TP—X 

A—Feit—0—P—Q—TP 

A—E 

A 

.. a—F i—L-O—P—Q—R—TP—X 
ABE Fei L_0 P_Q T 

.. C—Fe—M—O—P—R—X—XC 

Greece 

T 

Hungary 

. A—E—Fei—H—P—Q—R—T 

India 

Fei—R—T. 

Ft. Indo-China 

T. 

Ireland 

A—H—Q—Y. 

Italy 

. a—E—H—Q-S—T 

Japan 

. 0—Q—T—XC. 

Latvia 

A—E—H—Qe—T—Y 

Mexico 

T 

New Zealand 

H—L—XC 

Netherlands 

. A—Fe—Q—T. 

Norway 

A 

Peru 

R—T 

Poland 

B—C—E—Fei—0—P—Qe—R 

Portugal 

T 

Rou mania 

A—E—H—Q—TPp 

Sweden 

. A. 

Spain 

. A—E—Fi—H—P—Q—R—TPp. 

Switzerland 

A—Q—T 

Turkey 

.. A—E—H—Qe—R—TPp. 

Union of S Africa 

.. Fe—R—T. 

U.S.S.R 

. C —E—0—P— S —Qe. 

U.S.A. 

. M—P—TPp. 

Yugoslavia 

.. A—E—H—Q—TPp 
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ExplaiuUwn of Symbols 

A—Preferential trade agreements and/or special tariff reductions to individual 
countries. 

B—Export bonus, usually from taxes on home production or sales 
C—Government guarantees of export credits. 

E—Exchange control with permits for foreign exchange to pay for coal imports 
F—Special low freight for home mined coal, Fe—to encourage export; Fi—to 
protect against imports; Ft—to promote transit shipments 
H—Preference for home-mined coal m all purchases 
L—Government guaranteed loans to rehabilitate mines 

M—Shipping subsidies to the merchant marine, usually operatmg as indirect 
subsidies for coal exports 
0—Schemes for output and sales quotas 
P—Control of home market prices 

Q—Quotas for imports from different countries, Qe—partial or total embargo 
R—Tax rebates or concessions to encourage home production against imports 
S—State monopoly of imports 

T—Customs duties, TP—protective tariff, TPp—preferential tariff m favour 
of certain countries 

X—Taxes on other fuels so as to encourage coal and discourage other fuels. 

XC—Special measures to encourage production of oil from coal 
Y—Measures to encourage peat or wood as against coal. 




THE ADMINISTRATION OF THE INDIAN MINES ACT, 1923, WHICH 
CAME INTO FORCE ON THE 1ST JULY, 1924 

By W Kirby, B Sc , MI Mm E , Chief Inspector of Mines »» India 

The Indian Mines Act, 1923, applies to British India only 

There are 49 sections of this Act, six of which are concerned with the 
appointment, functions and powers of the Inspectorate Four sections relate 
to the formation and activities of Mining Boards and Committees, while three 
seotions refer to the duties and responsibilities of owners, agents and managers 
The health and safety of workers are providod for in six sections of the Aot 
and provision is made for hours of work and limitation of employment The 
powers of the Central Government to make regulations and of the Provincial 
Governments to make rules are laid down and penalties and procedure are 
embodied m the Aot 

Indian Coal and Metalliferous Mines Regulations were formulated under 
Section 29 of the Indian Mines Aot, 1923, and gazetted in the year 1920 These 
regulations are prescribed for the safe working of mines and for the submission 
of the various notices to the District Magistrate and the Chief Inspector of 
Mines. 

Rides for Coal and Metalliferous Mines are made under Sootion 30 of the 
Indian Mines Act by the various Provincial Governments These rules provide 
for:— 

Sanitary and Health provisions, 

Ambulanoe, First-Aid and Rescue work, 

Registration of work-persons, 

Safety of surface, 

Abandonment of mines, 

Inquiry m the case of accidents, 

Certificates of fitness for employment underground of persons who have 
not completed 17 years of age 

Bye-lam for mines 

Bye-laws made under section 32 of the Indian Mines Act are framed by 
the owner, agent or manager of a mine with the approval of the Chief Inspector 
of Mines or an Inspector for the control and guidanoe of the persons acting m 
the management of, or employed in, the mine, to prevent aocidents and to 
provide for the safety, oonvemenoe and discipline of the persons employed 
in the mine. 

For the adminis tration of the requirements of the Indian Mines Act the 
following staff is at present employed.— 
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One—-Chief Inspector of Mines. 

Three—Inspectors of Mines 
Pour—Junior Inspectors of Mines 
One—Electno Inspector of Mines. 

One—Assistant Inspector of Mines 

For inspection purposes British India is divided into two oirolea, details of 
whioh are given below.— 

No 1 Circle No 2 Cirole. 

1 All mines m Baluchistan 

2 All mines in Bihar exoept nunos 

in the District of the Santhal 
Parganas and such mines in 
the District of Manbhum as 
lie east of a line drawn from 
mile 175 on the Bengal 
Nagpur Railway to mile 169 
on the Grant Trunk Road 
and continued m a straight 
line across the District. 

3 All mines in Orissa 

4 All mines in the North-West 

Frontier Provmoe 

5 All mines in the Punjab. 

6 All mines in Rajputana 

7 All mines m the United Provinces 

Management 

Every mine is required to be under the supervision of a manager who has 
the prescribed qualifications, and who is held responsible for the oontrol, manage¬ 
ment and direction of the mine, and the owner or agent of every mine is required 
to appoint himself or some other person having such qualifications to be 
manager of the mine. 

The owner, agent or manager of every mine is responsible that all operations 
carried on in connection therewith are conducted m accordance with the 
provisions of the Aot and of the regulations, rules and bye-laws and of any orders 
made thereunder. 

The following mines are worked in British India and are regulated by the 
Indian Mines Aot.— 

Coal, iron-ore, manganese ore, gold, chromite ore, copper ore, mica, 
salt, magnesite, steatite, slate, limestone, stone, sand-stone, fire¬ 
clay, china clay, olay, barytes, asbestos, ochre, kaolin, gypsum, 
beryl, graphite, bauxite, felspar, kyanite and tantahte. 


1 All mines m Assam. 

2 All mines m Bengal 

3 Such mines in Bihar as be m the 

District of the Santhal Parga¬ 
nas and m the District of 
Manbhum west of a lino drawn 
from mile 176 on the Bengal 
Nagpur Railway to mile 169 on 
the Grand Trunk Road and 
continued in a straight line 
across the District 

4 All mines in Bombay 

5 All mines in the Central Provmoes 

6. All mines in Madras. 
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Coal is the principal mineral mined and tbe output for the year 1937 was 
22,335,528 tons of a declared value of Bs 6,98,79,139 The statement below 
gives the output from the various provinces.— 

Output of coal tn tons in 1937. 


Assam 

243,650 

Baluohistan 

19,624 

Bengal .. 

6,527,820 

Bihar 

13,835,516 

Central Provinces 

1,504,159 

Orissa . 

47,127 

Punjab 

166,632 


Total 22,335,528 


During tho year 1937, the daily avorage number of persons working in 
and about mines regulated by tho Indian Mines Act was 267,858 Of these 
persons, 122,807 worked underground, 72,747 in open workings and 72,304 on 
the surface Sinoe October 1937 tho employment of women has been prohibited 
underground m mines. 




A CONTRIBUTION TO THE EMBRYOLOGY OF THE 
AMARANTACEAE 


By LB Kajale, M Sc , Department of Botany , Benares Hindu University. 

(Communicated by Dr A C Joshi, D So ) 

(Read August 20, 1940) 

In two earlier papers the writer described the embryology of AUernanthera 
sesstlis and Achyranthes aspera (Kajale, 1935 and 1937a) In this contribution 
to the embryology of the Amarantacoae observations have boen extended to 
six more species, representing six other genera of the family, which have not 
been worked out so far These are Celosta argentea Linn , AUmanxa nodiflora 
Br , Amarantus viruhs Linn , Cyathula tomentosa Moq , Pupalia lappacea Moq. 
and Aema lanata Juss Besides this, the development of the pollen in AUer¬ 
nanthera sesstlis Br, and a few observations on Oomphrena globosa Linn and 
Bosut Amhersttana Hook have also been incorporated in the present report 

Schnarf (1931) has summarized the important embryological literature 
prior to 1931 bearing on the family Amarantacoae This includes the work of 
Braun, Hofmeister, Fischer, Gujgnard and Dahlgren Since then embryo- 
logical investigations on this family have been more extensive An account 
of seed development in Amarantus caudatus by Woodcock appeared in 1931 
Naitham (1933) published a paper on the microsporogonesis and megasporo- 
genesis of Digera arvensis This plant has been also investigated by Joshi 
and Rao (1934) and Pun and Singh (1935) Recently the writer has published 
two papers The first deals with the fomalo gametophyto of AUernanthera 
sesstlis (Kajale, 1935), and the Becond with the life-history of Achyranthes 
aspera (Kajale, 1937a) Until recently the embryo development in the family, 
in spite of so much work on the embryo sac, was not known This phase of 
the life-history has been worked out by Joshi and myself (1937) for AUer¬ 
nanthera sesstlis and Digera arvensis Soudges (1937) has worked out the 
development of the embryo in Amarantus retroflexus and A caudatus The 
antipodals of Digera arvensis and Pupalia lappacea have been described by 
Joshi (1936) and the author (Kajale, 19376) respectively As a result of this 
work, the embryology of three genera of the family Digera, AUernanthera and 
Achyranthes has beoome fairly known 

Material and methods 

The material of Gelosia argentea, Amarantus vindis, Pupalia lappacea and 
Aerua lanata is available at Benares and was collected by th6 author locally. 
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It was fixed in Nawaachin's fluid and fonnalin-acetic-alcohol That of Oyatkvla 
tomentosa and Bona Amherstuxna was fixed in formalm-aoetic-aloohol at 
Mussourie by Dr. A. C Joshi, who kindly placed it at my disposal along with 
some of the embedded material. The material of AUmanxa nodtflora was sent 
from Hyderabad (Deccan) by Prof M Sayeeduddin and was also preserved 
in formalm-acetic-aloohol. 

Before sectioning the material, the perianth leaves were removed from the 
flowers. This is a necessary operation as the perianth leaves m the family 
are soaly If they are not removed, the material cannot be microtomed 
smoothly. In order to got good microtome sections of the mature seed, it is 
desirable that the hard seed-coat should be removed. Its impervious nature 
does not allow proper infiltration with paraffin and hence smooth miorotoming 
To remove the testa, the seeds were first boiled in water for a few minutes, 
and then quiokly transferred to absolute aloohol, in which they were left for 
2 to 5 minutes The testa by this treatment becomes loose and brittle, and 
can then be removed easily with the help of a pair of needles Sometimes 
the testa after this treatment breaks off automatically due to sudden de¬ 
hydration by the absolute aloohol When the testa has been removed, the 
seeds can be embedded according to the usual methods 

Sections for the younger stages were cut 7-9 p thick and for oldor stages 
10-14 p thick Heidenham’s iron-alum haematoxylin was chiefly used as a 
stain, and Tuan’s method of de-staining with piono acid was followed. 

Organogeny. 

The development of the various floral parts has been studied in all plants, 
mid it has been found to be uniform throughout the family. The sequenoe, 
in which these parts appear, is bract, braoteoles, perianth, andrceoium and 
gynsscium Regarding the details of development reference may be made 
to Joshi and Rao’B (1934) paper on Dxgera arvenns At this place, however, 
mention may be made about the differentiation of ovules in Celosut argentea, 
as this is different from the rest In other cases the tip of the floral axis after 
the appearance of all other parts directly transforms itself into the only ovule 
in the ovary In the multi-ovulate gynseoium of Celona, the floral axis after 
the differentiation of all other parts gives rise to a number of pnmordia and 
eaoh one of them develops separately into an ovule (Figs. 9a and 96) 

Development of Anther and Pollen. 

This phase of the life-history has been studied m all species, and is prac¬ 
tically uniform in every case exoept for some minor differences. The anther 
to begin with is a mass of uniform cells, but as the arohesporium appears it 
becomes two- or four-lobed. The former condition is found in AUemanthera 
«eas0M (Fig. 76), a member of the tribe Gomphreneae (Rendle, 1926), which 

IB 
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has one-celled anthers. In the rest of the plants the anthers are four-lobed 
and ultimately two-celled 

The archeeponum differentiates either at two or four plaoes, depending 
upon the one-oelled or two-celled condition of the anther at maturity It 
develops from the hypodermal layer Generally two, three or four vertical 
rows extending over the entire length of the anther function as archesponal 
cells (Figs la, 2a, 6 a and 7a) Sometimes the number of rows in Amarantus 
vxndxa reaches up to five (Fig 3 a) The writer has also recorded two to four 
vertical rows of archesponal cells in Achyranthes aspera (Kajale, 1937a). 
The condition m Pupaha lappacea, however, is different Here the arohe- 
sponum consists only of a single row of oells (Fig 6a) A similar condition 
has also been reported by Naitham (1933) and Fun and Smgh (1936) in D%gera 
arvenns 

The archesponal oells m each anther-lobe divide penolinally to form two 
layers, an outer primary parietal layer and an inner primary sporogenous layer 
(Figs la, 2a, 3a and 6a) The former now divides penolinally and forms two 
layers again (Figs 2a, 6a and 76) The layer on the inner side, resulting from 
this division, divides once more penolinally (Fig 7c) Thus by two successive 
divisions of the primary panetal layer the wall of the anther, including the 
epidermis, becomes four layers thick (Figs 36 and Id) These layers share a 
different fate during further development of the anther The layer below the 
epidermis forms the fibrous endothecium of the mature anther (Figs 16 and 
4a) The thickening bands in the oells of this layer appear when tho pollen 
grains reach the bi-nucleate stage The middle one is crushed at an early 
stage The innermost layer bordering the sporogenous cells develops in every 
case into the tapetum (Figs 36, 4a and Id) The tapetum is completed on 
the connective side by the cells adjacent to the sporogenous tissue In 
funotion it is of a purely seoretory nature No wandenng of the tapetal cells 
to form periplasmodium between the sporocytes was ever observed in any 
member of the family 

The tapetal cells possess a Bingle nucleus in the beginning and are densely 
packed with oytoplasm During the I meiotic division of tho pollen-mother 
oells the nucleus of the tapetal cells divides mitotically and they become bi- 
nucleate (Fig 36) A tapetal cell generally does not have more than two 
nuclei, but occasionally in Ceiosui argentea more than two nuclei were found 
in some of the cells Up to five nuolei were counted m some cases The 
nuolei of the tapetal oells m general have one nucleolus m the beginning, but 
afterwards they have as many as two, three or four nucleoli in them, and some¬ 
times the nuolei may show a lobed appearance (Fig 36) Raghavan (1938) 
thinks that in Qynadropsis pentaphyUa such a condition results from the fusion 
of previously separate nuolei. The writer, however, obtained no evidenoe 
for this from his study. In Cyathtda tomentoea the nucleus of the tapetal 
o*Us in many oases has more than one nucleolus from the beginning. This is 
also seen in other cases, but is rare. 
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Proa 1-8 


Pro 1 —Ctlona argentm a transverse seotaon of an anther lobe showing the primary 
sporogenoos and primary parietal layers b a portion of an anther wall 
showing granular outuuaation of the fibrous endotheoiom o a pollen grain 
m surfaoe view d mature pollen gram m section showing the 3 nucleate 
oondition and starch grains a and b X 478 c and d X 800 
Pro 1 — AQmatwt nodiflora, a transverse section of an anther lobe showing mitotic 
divisions of tho primary sporogenous oells and penchnal divisions m the 
primary parietal layer b a pollen gram m surfaoe view e 3 nucleate 
mature pollen gram m section a x475 b and c X 800 
Pro 3 — Amarantu* vtrufe* a transverse section of an anther lobe showing three 
sporogenous oells on the left and two arehesporial oells on the right b the 
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same at a later stage showing xneiotio divisions in pollen-mother cells, c, 
a pollen grain in surface view d, a mature pollen gram in section showing 
the 3-nucleate condition and starch grains a and b, x 478, o and d, x 800. 
Fig 4 —Cyathula tomentosa a, a part of the anther wall showing granular cutinisation 
of the tape turn, b, a pollen gram in section showing a lenticular generative 
cell and the tube nucleus o, X 478,6, X 800. 

Fig 6 —Pupctfta lappaeea. a, transverse section of an anther-half showing sporogenous 
oells and two parietal layers b, a mature pollen gram showing the 3-nucleate 
condition and starch grains a, X 475, b, x 800 
Fig. 6 —Aerua lanata a, transverse section of an anther-half showing primary parietal 
and primary sporogenous layers 6, a pollen grain m surface view, o, a 
mature normal pollen gram m section showing three nuclei and starch grains. 
d, a hypertrophied pollen grain showing the 3-nucleate condition and starch 
grams a, x478 ,b-d, X 800 

Fig 7 —AUemanthera sennits a-d t transverse sections of anther-lobes showing various 
stagos of development 6 represents a transverse section of a complete 
anther, while others show only one lobe e, a pollen gram m surface view 
/, a mature pollen gram in section showing the 3-nuoleate condition and 
staroh grains o-d, X 476, e and f, X 800 
Fig 8 —Oomphrena globosa Pollen gram in surface view X 800 

Before the tapetal colls become bi-nuoleate they have no vacuoles in them, 
but afterwards they develop numerous vacuoles and also increase m size 
(Fig 36) In Celosia argentea the tapetal colls are larger than m other cases 
The tapetum normally persists up to the cytokinesis stage of the pollen- 
mother cells As the pollen grairs develop further it begins to degenerate and 
disappears completely by the time the pollen grains are mature. In Cyathula 
tomeniosa and Pupalta lappaeea tho tapetum shows signs of degeneration 
rather earlier than in other cases 

When the primary parietal layer is undergoing the foregoing changes to 
form the anther wall, changes also occur in the primary sporogenous tissue. 
The cells divide mitotioally once or twice and differentiate as pollen-mother 
oells Each of these cells increases in size On the onset of the first meiotic 
division the protoplasm of the pollen-mother cell retreats from the cell wall 
and a space is created on all sides in hetweon the protoplasm and its wall 
(Fig 36) From now onwards the protoplasm gets enveloped in a sheath of 
mucilage When still enclosed in the sheath, the pollen-mother oells complete 
the second meiotio division The sheath persists till the cytokinesis is complete 
and for a short tune the four pollen grains remain enclosed in it Afterwards 
the sheath is disorganized and the pollen grams separate off from each other. 
By this time the original wall of the mother cell is already disintegrated 

During the second meiotio division the 1 udear spindles are generally 
arranged at right angles to each other so as to give nse to a tetrahedral arrange¬ 
ment of the spores (Fig 36), though the lBobilateral arrangement is also seen. 
The four nuolei resulting after the two divisions are oonnected with each 
other by the secondary spindle fibres (Fig 36) Thus there are six spindles 
formed in each of the dividing pollen-mother oells. They gradually disappear* 
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as cytokinesis begins Cytokinesis takes place by furrowing. The furrows 
advance from the periphery towards the centre and when they meet they bring 
about the separation of the four pollen grams 

After oytokmesis a curious ohange takes place in two layers of the anther 
wall, namely, the tapetum and fibrous endothecium The change consists in 
the development of small granular markings on the mner side of these layers 
(Figs 16 and 4 a) These markmgs first appear on the tapetum (Fig 4a) and 
a little later on the fibrous endothecium (Fig 16) They are generally of 
mioroscopical dimensions, and take a somewhat deep stain with haematoxylin 
Though this ib the general condition, they were found to be of a different 
nature m AUmanxa nodtflora Here the granules are larger than in other 
plants and appear brownish-yellow m slides Btained with haematoxylin 

In order to trace the factors that lead to the development of these markings, 
the material of Amaranlus vxrxdxs was selected for detailed observation Of 
the two layers, the tapetum is more suitable for this land of study, Bince the 
cells in this layer are larger and more distinct It appears that during cyto¬ 
kinesis or even before that the protoplasm of the tapetal cells retreats from the 
wall oommon to the tapetal cells and the adjacent pollen-mother cells This 
is shown by Fig 36 As the microspores are formed, this wall is disorganized 
and the protoplasm of the tapetal cells on the inner side becomes devoid of 
any wall Correlated with this, these small granules are deposited on the mner 
side of the tapetal cells A similar disturbance appears to be caused on the 
mner side of the anther wall As a result of this, the markmgs appear on that 
layer also. 

Suoh markings are recorded by Bhargava (1936) m Chenopodium album 
and re-mvestigation of Achyranthes aspera revealed the presence of the same 
markmgs in that plant as well None of the previous authors has recorded 
them in Digera arvensxs, but Bince they occur m all other genera included in 
the present paper, their presence may be anticipated in that plant also Similar 
markings have also been seen by the writer on the tapetum of many other 
plants from different families, now under investigation or previously investi¬ 
gated in this department, such as Clematis Flammula, Oalphimia gracilis, 
Lilium sp, Ghsekta phamaceotdes, Boerhaavia diffusa and B repanda It 
appears, therefore, that they are quite oommon in the angiosperms Ubisoh 
(1927) and Kosmath (1927) also report the occurrence of suoh bodies on the 
tapetum of several angiosperms The latter author has shown that these 
bodies are of the nature of cutin-like substance 

r Pollen grain. 

On the completion of oytokmesis four functional pollen grains result. 
These very soon become spherical m shape and are enveloped by the intine and 
ezine. Hie structure of these two layers is described later 

The um-nuoleate pollen gram is at first densely filjed with oytoplagm 
From this stage onwards it increases m size, but there is no corresponding 
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increase in the amount of the oytoplasm The nucleus, therefore, with some 
amount of oytoplasm, comes to be situated on one side, while the other end 
of the pollen gram becomes vacuolate (Fig 46) While still at the periphery, 
the nuoleus undergoes its first division (Fig 46) This behaviour of the 
nucleus to divide at the periphery appears to be a general condition in the 
angiosperms A few exceptions, where it divides m the middle of the pollen 
gram, are cited by Wulff and Maheshwan (1938) 

The two nuolei, resulting from the first division of the pollen gram nucleus, 
show considerable difference m size (Fig 46) The one larger than the other 
is the vegetative nucleus, while the smaller one is the generative nuoleus The 
latter is organized into a definite lenticular cell, whioh is separated by a dear 
wall from the other (Fig 46) This wall m between the two cells is of a very 
transitory nature and soon disappears, leaving both these nuclei enolosed m 
the general cytoplasm of the pollen gram Being of very short duration it 
was clearly seen only m AUmanxa nodtflora, Amarantua vxrxdte, CyathxUa 
tomentoea and Pupalta lappacea Naithani (1933), Joshi and Rao (1934) 
and Puri and Singh (1936) have reported the organization of a lenticular 
generative cell in Dxgera arvensxs There appears, therefore, no doubt about 
its presence in other plants of the family 

Before the generative nuoleus commences its division to form two male 
gametes, the vacuoles disappear and the pollen gram is completely filled with 
oytoplasm In this condition the generative nuoleus divides into two nuolei 
and the pollen grain becomes three-nucleate From now onwards the pollen 
grams take rather a deep stam and are rich in oytoplasm (Figs Id, 2c, 3d, 66, 
6c, 0d, 7/) At. this stage some starch grams are also deposited m the pollen 
grams They were found m all cases except in AUmanxa nodtflora, where they 
could not be clearly observed Similar starch grams have also been reoorded 
by Pun and Singh (1936) in Dxgera arvenaxa In order to make sure that these 
pollen grams were not m a Btate of degeneration I have compared them with 
those germinating on the stigma I could not trace much difference between 
these two sets of grams either m their staining capacity or the amount of 
cytoplasm present in them Puri and Singh (1936) have recorded three- 
nucleate pollen grains in Dxgera arvenata, but they believe that they were m 
a state of degeneration My observations do not support their conclusion. 

Mention has already been made that the mature pollen grams in the 
family are three-nuoleate (Figs Id, 2c, 3d, 66, 6c, 6d and 7/). Out of the three 
nuclei, two are sperm nuclei and one is a tube nucleus The sperm nuclei 
are long spindle-shaped bodies, straight or variously curved They have 
unevenly distributed chromatin m Celesta argentea (Fig. Id), AUmanxa nodiflora 
(Fig 2c), Amarantua viridta and Aerua lanata (Figs 6c and 6d). In other 
plants they were very deeply stained and appeared uniformly black in oolour. 
Sperms having unevenly distributed chromatin were previously reported by 
the writer in Achyranthes oapera (Kajale, 1937a) Suoh a structure of the 
sperm nuolei may be revealed in all cases if they are properly destained. In 
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a few eases, e g Cdosia argentea and Amarantus tnrtdw (Figs Id and 3d), the 
presence of a nucleolus was also observed in the gametes 

The tube nucleus is a spherical structure to start with, but during later 
development it takes a very deep stain and assumes an irregular outline 
(Figs Id, 2c, 3d, 66, 6c, 8d and 7/) Further observations on it are described 
under pollination and fertilisation 

The structure of the intine and exine may be described now Out. of these 
two layers the exine is secreted first and soon after that the intino makes its 
appearance Both the layers differentiate muoh before the pollen grain 
nucleus undergoes the first division to form the generative cell The mtme 
is a delicate membrane In the mature gram in some uiBtances it protrudes 
out slightly through the germ pores along with some protoplasm 

The exine is much thicker than the intine In structure it is not uniform 
As seen in sections, it is composed of light and deep staining parts The 
latter take the form of radially arranged rods, which are covered on all 
sides by the light staining portion of the exine (Figs Id, 2c, 3d, 46, 56, 6c, fid 
and If) The thickness of the exine and also its tough structure is due to the 
presence of these rods They are present all round in the exine, except in 
the region of the germ pores There are some slight differences in their thiok- 
ness in different species, but these are of too slight a nature to lend themselves 
easily to description It may be pointed out, however, that m Allmanta 
nodtflora and to some extent in Cyattoda tomentosa and Cdosia argentea they 
are thicker than in other species and appear as small dots m surface view 
(Fig 26) In AUernanthera sesstlts and Oomphrena globosa the rods are more 
prominent along the ridges of tho exine (Figs 7e and 8) In the rest of the 
species they are rather thm and give a fine granular appearance to the Burface 
of the pollen grams (Figs 3c and 66) 

Sometimes before anthesis a perceptible ohange takes place in the thickness 
of the exine. In every oase it gets thinner than before, as Puri and Smgh 
(1035) have reported m Dtgera arvensts and previously reported by Brough 
(1924) m Styphelta longtfoha The cause for this ohange according to Brough 
(1024) is that the material from the exine is drawn upon by the protoplast of 
the developing pollen grams A somewhat similar opinion has also been 
expressed by Pun and Singh (1936) They say ‘with the increase in size aDd 
the approaoh of the condition, which wo regard as leading to degeneration, the 
exine gets thinner and thinner till it becomes very muoh reduced in completely 
degenerated pollen. One can hardly avoid the oonolusion that during later 
stages of development the material composing the exine begins to be dissolved 
away \ On this point I differ from Pun and Singh (1936), and Brough (1924) 
The cause of this thinning of the exine in the later stages of pollen development 
appears to the wnter to be its mechanical stretching due to the growth of the 
protoplast inside it. This can be proved by actual measurement of the distance 
between the two adjacent deeply staining rods In every oase the distance 
is found to inorease. 
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The exine m Cdosxa argentea, AUmanxa nod tflora, Amarantus vxrxdis, 
Cyathnla tomentosa, Pupalxa lappacea and Aerua lanata does not bear any 
spines or ridges on its outside and can be described as ‘psilate’ according to 
the terminology of Wodehouse (1935) It is perforated by numerous germ 
pores, the number of which vanes in different species (Figs lc, 26, 3c and 66) 
The pores in Cdosxa argentea, AUmanta nodiflora, Pupalxa lappacea and Aerua 
lanata are approximately of the same dimensions, circular and generally 
equally spaced (Figs lc, 26, 3c and 66) To put it m terms of Wodehouse 
(1935) they are cnbilate In Amarantus vtndts and Cyathula tomentosa they 
are regular or approximately regular A very interesting point about the 
pores in Celosui argentea, Attmama nodi flora, Cyathula tomentosa, and Pupalxa 
lappacea is their arrangement on the exine Each pore, when taken to represent 
the centre, appears to be regularly surroundod by six or five pores (Figs lc, 
26 and 3c) If the centres of such pores are connected by imaginary lines 
a figure of a hexagon or pentagon is formed Each pore thus occupies the 
vertex of a hexagon or pentagon, whilo one is located in the centre The 
arrangement repeats itself with regard to any pore The hexagonal arrange¬ 
ment of the pores is more common than the pentagonal arrangement Both 
the types of pollen grains, however, are found in the same plant or even in 
the same anther The pore membrane m Celosta argentea (Fig lc), Pupalxa 
lappacea and Aerua lanata (Fig 66) protrudes out of the germ pores, while 
m the remaining species it does not do so 

It should be pointed out hero that the psilate type of pollen grains are 
not found in all members of the famdy Exception to this type is found m 
AUemanthera sessxlxs (Fig 7c) and Qomphrena globosa (Fig 8) The 
miorospores of these plants are distinctly sculptured As both these genera 
belong to the Gomphreneae it is possible that this may be characteristic of 
the whole tribe In AUemanthera the pollen grains are sculptured with five¬ 
sided faoes and generally twelve of such faces go to compose the spheroidal 
body of the pollen grain, which, therefore, has the form of a dodecahedron 
Occasionally, however, hexagonal faces are also met with m this species. 
There are as many germ pores as the number of faces, one occupying the 
centre of each face In Qomphrena globosa the faces of the polyhedral gram 
are generally hexagonal in outline The pentagonal or heptagonal faces may 
also be found sometimes hero and there over the exine m between the hexagonal 
faoes. Normally thirty to thirty-five faces can be counted in a pollen gram, 
whioh therefore has the form of a 30-35-sided polyhedron In the centre 
of each faoe there is situated a single germ pore 

Variation exists with regard to the size of the mature pollen grains in the 
same species and m different species of the family. Some hypertrophied 
pollen grams were seen in Pupalxa lappacea, Aerua lanata (Fig. 6 d) and 
AUemanthera sessxlxs On closer examination they may be found m other 
speeies as well The reasons leading to the development of these grains are 
not clear, but they might result from irregularities in the reduction division. 
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The mature pollen grams are spheroidal The following table gives the 
range of variation in the diameter of the different pollen grains, the number 
of germ pores, their diameter and the distance between two adjaoent pores 
From these characters and from the psilate or sculptured nature of the 
exine it is possible to identify the polleh grains of these plants 


Plant 

The diameter 
of the pollen 
gram in p. 

The number 
of germ poree 

Diameter 
of germ 
pores m p 

The distance 
between the 
oentrea of two 
adjaoent pores 
in p 

1. Celona argentea 

30 to 35 

16 to 20 

4 to 6 5 

8 to 115 

2 AUmama nodxflora 

20 to 25 

14 to 17 

3 5 to 5 

7 to 10 

3. Amarantua virtdta 

19 to 24 

15 to 20 

1 5to 22 

3 to 6 

4. Oyathula tomentoaa 

18 to 24 

30 to 35 

2 to 3 

3 to 4 5 

5. Pupalta lappacea 

20 to 25 

20 to 25 

2 to 3 

5 to 6 

6. Aerua lanata 

14 to 10, and 
sometimes 

20 to 22 

6 to 8 

3 5 to 4 2 

7 to 9 

7. Achyranthea aapera 

15 to 22 

25 to 30 

2 to 85 

3 5 to 4 5 

8. AUematrUhera jm- 

MtltS 

16 to 20 

12, some¬ 
time* more. 

2 7 to 3 3 

flto 7 

0 Qomphrena globoea 

25 to 30 

30 to 35 

2 5 to 3 5 

4 5 to 6 


The structure of the ovary and ovule 

The size and shape of the mature ovary vary a good deal in different 
genera of the family This is shown by figs 96, 11c, 126, 136, 14a and 16a 
The style is long or short and is capped by a glandular stigma The style is 
generally hollow, but it is solid in Amarantua vindta and Bosxa Amherstutna 
(Figs 106, 126) 

In Celosta argentea, Amarantua vtndts, Cyathida tomentosa, Pupaha 
lappacea and Aerua Janata tho development and form of the ovule shows little 
variation. During the early part of its life-history the ovule m all these 
plants passes more or less through the same stages of development as figured 
by Joshi and Rao (1934) m Ehgem arvensu (Figs 9a, 11a and 13a), so that 
at the time of fertilisation it assumes an ana-campylotropus form (Figs. 96, 
126,136,14a and 15a) In AUmanxa nodiflora, however, the final form of the 
ovule is oampylotropous (Fig 11c) and during its ontogeny it is derived from 
an amphitropou8 condition (Fig 116) The development and form of the 
ovule in Bona Amherstiana is described separately as it differs very much 
from the rest 

Each ovule has a stalk and two integuments enclosing a massive nucellus. 
The stalk vanes in length m different plants It is short in Amarantua viridis 
(Fig 126), while in the remaining plants it is comparatively long (Figs 96,136, 
14a and 16a) The ovule has two positions with regard to its furncie It is 
erect in Celoaxa argentea (Fig. 96), AUmanva nodtfiora (Fig. 11c) and Amarantua 
virtdta (Fig 126) The micropyle in these cases points towards the base of 
the ovary. In Cyathula tomentosa (Fig 136), Pupalta lappacea (Fig 14a) 
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Fig. 9 — Celtma argenlea a, longitudinal section of the gynaxsium showing two young 
ovules b, the same at a later stage, c, two megaspore-mother cells, d, 
a megaspore-mother cell during the I meiotio division. (, a dyad f, a 
linear tetrad of four megaspores g, a linear row of a mioropylar dyad and 
two megaspores h and i, 4. and 8-nucleate embryo sacs j, mioropylar 
part of an embryo sac showing a synergid and two polar nuclei, h, the same 
showing a hypertrophied synergid. I, the same showing the egg. m, a stage 
in the development of the embryo. Dermatogen has just begun to differentiate, 
n, longitudinal section of an advanoed embryo, o.suspenaor. p, longitudinal 
section of the mature seed showing an annular embryo, a single layer of 
, endosperm over the radicle and perisperm. a, X 75, 6, X on 37, c-I, X 475, 
mando, X250, n, xeo.106, p, xoo 18 

and Aerua Janata (Fig 16a) the ovule has a pendulous position and the micropyle 
faces towards the stigma The result of this on the course of the pollen tube 
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is described under pollination and fertilization The funicle in AUmania 
nod\flora presents an additional point of interest As the ovule reaohes the 
mature embryo-sao stage, the epidermis of the funicle m its upper part separates 
off and begins to bulge out This bulging later develops into a hollow ardlous 
outgrowth, which forms a cushion-like structure below the mature seed 
(Fig 11c) 

Of the two integuments, the inner one forms the mioropyle It is mostly 
two cells thick, but in the micropylar region it is thicker The outer integu¬ 
ment m CeUma argcntea, Amarantus mndia and Aerua lanaia consists of two 
layers of cells except m the micropylar part, where it is thicker In Attmama 
nodiflora, Cyathida tomentom and Pupalxa lappacea, however, the outer integu¬ 
ment is thicker both in the chalazal and micropylar region In the ohalazal 
part its thickness vanes from three to six or even more layers of cells 

The nucellus is quite massive in all cases as in Ihgera (Joshi and Rao, 
1934), AUemanthera (Kajale, 1936) and AchyrarUhea (Kajale, 1937a) It is 
characterized by the formation of the epidermal cap in all genera, which is 
generally two to four cells thick The cap formation begins about the tune 
when megaspores are being differentiated (Figs lie and 12c) Another 
feature of the nucellus is the differentiation of a menstematio zone at the 
chalazal end, which forms new cells and thus helps in the growth of the ovule 

During the early part of ovule development a characteristic air-space is 
developed in the chalazal part of the ovule, m between the two integuments 
(Figs 10ft, 116, 126 and 13a) Sometimes a second air-space may also be 
seen, e g m Pupcdui lappacea, near about the first one in between the nucellus 
and the inner integument The air-spaces may be traced generally up to the 
fertilization stage (Fig 126) They completely disappear during embryo 
development The other families of the Centrospermalee, in which the 
presence of an air-space has been recorded, are Chenopodiaoeae (Bhargava, 
1936), Portulacaceae (Netohtzky, 1926) and Cactaceae (Neumann, 1936). 
As quoted by Maheshwari (1938) a good deal of importance has been paid 
by Netohtzky (1926) and Neumann (1936) to the presence of such air-spaces 
in the ovule from the systematic point of view They appear to be a charac¬ 
teristic feature of the ovule of the Centrospermalee In other groups, however, 
the ooourrenoe of air-spaces between the integuments and the nuoellus of the 
ovule does not appear to be so constant Thus in the Menispermaceae Joshi 
finds such air-spaces very prominent in Coccuiua viUoaua (Joshi, 1937), but they 
are absent in Tinoapora cordifolia (Joshi, 1939) 

A notable peculiarity has been observed with regard to the structure of 
the ovule in Bosxa AmhersUana It has a curved funicle and two integuments, 
In which is enolosed a very small nucellus (Fig. 106) The nuoellus develops 
up to the appearance of the mtegumental initials as in other species (Fig 10a), 
but later the growth between the integuments and the nucellus is very unequal. 
As a result of this the bulk of the ovule, at least up to a Qertain stage, is mostly 
oomposed of integuments alone, The inner one of these forms a long micropyle 
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Fig. 10.— Bosia Amh&rttiana. a and b, longitudinal sections of the ovary shoving 


two stages in the development of the ovule In the latter is seen an air-space 
in the ehalazal part of the ovule and poor development of the nuoellus. a 
and 6 , X 125. 


and at the base of the latter a very small amount of nuoellus is seen (Fig 106). 
Both the integuments, however, develop side by aide The inner one is two 
cells thiok through its greater length, but is thicker in the micropylar part. 
The outer one is generally two cells thiok, but at some places is up to three 
cells thiok. As m many other plants it is thicker in the ehalazal and micropylar 
regions. An air-spaoe is also developed in the ehalazal part of the ovule in 
the early stages. In Amarantaoeae it is generally observed that by the time 
pollen grains beoome bi-nucleate the functioning megaspore-mother oell is 
already differentiated, but m the present instance there was no traoe of even 
an arohesponal cell at this stage. Older stages than this could not be observed 
due to laok of suitable material, but it would be really interesting to observe 
further development of the ovules of this species. 


Mbgasfobbs and bmbbyo sag. 

* The primary arohesponum in the ovule begins to appear just before or 
simultaneously with the differentiation of the integumental initials. It is 
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multioellular and oonsists of two to six hypodermal cells, except in PupaUa 
lappacea, where mostly only a single cell was observed In addition to the 
hypodermal arohesponum, the cells of the nucellus below the hypodermis 
also occasionally differentiate as archesponal cells m some plants (Fig 13c), 
as described by Joshi and Venkateswarlu (1035a, b and 1036) m several 
Lythraceae 

All the archesponal cells, however, do not develop farther Those only 
in the hypodermal position cut off panetal cells In this way two to six 
megaspore-mother cells may be formed (Figs 0c, lid, 12a, 13c and 156) 
After having developed to this stage all the megaspore-mother cells merge 
into the nucellus except the one in the median position, which alone develops 
further (Figs 9 d, lie, 126, 13d and 15c) The fact, that m later stages only 
one megaspore-mother cell is seen, has probably led older authors to oonclude 
that the arohesponum in the family consists of a smglo cell 

The functional megasporo-mother cell increases in size It divides to 
form two dyad cells (Figs 9e and 13c) The one resulting on the ohalazal 
side, as a rule m the family, divides into two megaspores (Figs 9/, 9 g, Ilf, 
12c, 13/, 14c, 15d and 15e) The mioropylar dyad cell varies m its behaviour 
It divides along with the ohalazal dyad cell m AUrmnxa nodtfiora and Gyathula 
tomentosa and thus m these plants generally a regular row of four megaspores 
is formed (Figs 11/and 13/), but the division of these two dyad cells is not 
neoesBanly simultaneous The mioropylar dyad cell shows a tendency to 
divide rather late (Figs 11/ and 13/) and at times may also fail to divide 
This tendency for the suppression of the second division in the mioropylar 
dyad cell has become more pronounced in the remaining species, i e Gelosia 
argentea, Amaranius mndts, Pupalxa lappacea and Aerua lanata In these 
plants only a row of three cells, two megaspores and a dyad cell, is the usual 
result of megasporogenesis (Figs 00 , 12c, 14c, 15 d and 15e) Occasionally, 
however, in Cdosxa argentea both the dyad cells divide and form a row of 
four megaspores (Fig 9/) A row of three cells is reported by Dahlgren (1916) 
in Amaranius bhtum and by Fischer (1880) m Gomphrena decumbent Out 
of the eleven plants so far worked out in the family a complete row of four 
megaspores is present only in Ihgera arvemns (Joshi and Rao, 1934), AUmania 
nodtfiora and Cyathula tomentosa and even m these a tendency towards the 
suppression of the second meiotio division in the mioropylar dyad is commonly 
exhibited. 

Whatever may be the number of megaspores formed after the two meiotio 
divisions they are generally arranged in a Unear fashion One exceptional 
case, however, was observed in Cyathula tomentosa. This is sketched in fig 13? 
The four megaspores are arranged m an inverted T-shaped fashion. This 
form of the tetrad has been seen m Anogra pallida (Johansen, 19315), 
Zauochnma lat%folta (Johansen, 1931a) and Lvdwigia parviflora (Maheehwari 
and Gupta, 1934) In all these three plants the embryo sac development is 
of the Oenothera- type. In forms with normal-type of embryo sac development 
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such arrangement of megaspores is not known, this being the first reoorded 
instance. 

The embryo sao develops always from the chalazal megaspore, while 
the remaining megaspores degenerate during further development (Figs 9/, 
90, 11/, 14c and 15e) The functioning megaspore increases in size Conse¬ 
quently, one or two and sometimes more vacuoles appear on either side of 
the nucleus (Figs 9jjr, 12c, 13A and 1 5d) The nucleus now divides into two 
The resulting nuolei show distinct polarity, and they travel to the opposite 
ends of the embryo sao, being separated by the growing central vacuole (Figs 9/, 
llg, 12 d and 150) Each nucleus at either pole divides twice and this leads 
to the formation of a typical eight-nucleate embryo sac (Figs 9 h, 9*, 11A, 12c, 
13», 13?, 14d and 15A) 

The egg-apparatus consists of two synergids and an egg cell The latter 
is a flask-shaped structure with the nucleus confined to tho basal part There 
may be one or two prominent vacuoles in the micropylar part, while below 
the nucleus a few small vacuoles may also bo seen in Amaranius t nrtdts (Fig 12 g) 
and Pupalta lappacea (Fig 14/) In Cyathvla tomentosa (Fig 131) and Aertia 
lanata (Fig 16j) tho egg is very much vacuolate, as already noted in 
Achyranthes aspera (Kajale, 1937a) 

The synergids are pear-shaped and possess promment hooks The 
vacuole ib situated in the ohalazal end and consequently the nuoleus along 
with some cytoplasm is confined to the uppor half (Figs 12/, 131;, 14/ and 
15t) Occasionally synergids with egg-like appearance, 10 with micropylar 
vaouole and nuoleus in the chalazal region are seen in Amaranius vtrtdts, 
Cyathula tomentosa and Pupalta lappacea Such egg-like synergids now 
appear to be common m the flowormg plants They have been reported 
from members of several different families, as has been summarized by Josh! 
and Kajale (1936), and their bearing on the morphology of the synergids has 
been discussed by Joshi (1939) 

The eight nuclei of the embryo sao before they organize into any definite 
structures are all equal in size, but during the development of the embryo sac 
the two polar nuclei increase in size as they move to meet each other (Figs 9*, 

11A, 12/ and 13j) After fusion they form a secondary nucleus This 
does not oocupy any fixed position in the embryo sao It generally lies m the 
micropylar part and is placed close to the egg-apparatus (Fig 12/) In Pupalta 
lappacea it is often seen m the chalazal half of the embryo sac, somewhere 
near the antipodals (Fig 1411) 

The antipodals in the family differentiate before the egg-apparatus. 
This was dearly observed in Celosta argentea (Fig 9*), and AUmanta nodtflora 
(Fig. 11 A). Similar early organization of the antipodals has been reoorded 
by the writer in AUemanthera sesstlIts (1935) In all the members of the 
family so far investigated the antipodals have been reported to be three m 
number. The same condition has been observed m Celosta argentea (Fig 9t), 
AUmanta nodtflora (Fig 11 A), Amaranius mndts (Fig. 12/), Cyathvla tomentosa 
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Fio 11.— AUmatna ruxkflora o-c, longitudinal section* of the ovary showing three 
stage* in the development of the ovule The last figure shows an arillous 
outgrowth from the funiole of the ovule d, apex of the nuoellus showing 
three megaspore-mother oells. *, the same showing a single megaapore- 
mother cell during the I meiotio division. /, a linear tetrad, g, 2-nucleate 
embryo sao h, 8-nucleate embryo sac. i, embryo sac at an advanced 
stage showing degenerating synergids. In all the three embryo saos starch 
grains are shown by larger dots, j and k, two stages in the devel op ment 
of the embryo, m the latter figure the dotted part represents the plerome. 
I, longitudinal section of the mature seed showing the form of the embryo 
and a layer of endosperm over the radicle, a and 6, X 78, o, X oo 37, d-j, 
X 475; k, X 00.237, I, x oo 18. 
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(Fig 13j) and Aerua lanata In Pupalta lappacea (Kajale, 19376), however, 
the situation is different Here the antipodals are three m the beginning, 
but they soon begin to multiply All of them divide to form a small mass 
of cells as shown m figs 14e, g and h Their total number is variable, but 
up to thirty to forty cells can be commonly counted in the later stages The 
cells of this antipodal mass are generally small, full of oytoplasm and without 
vacuoles, but among them a few larger oolls are also found and these show 
prominent vacuoles (Fig 14p) The multiplication of the antipodal cells 
takes plaee before the division of tho primary endosperm nucleus (Fig 14e). 
During the secondary elongation of the embryo sac the antipodals are pushed 
laterally (Figs 14 g and h) and there they persist after fertilization up to the 
early stages of embryo development on one side of the embryo sac as in Dtgera 
arvensts (Joshi, 1936), AUemanihera sessile (Kajale, 1936) and Achyranthes 
aspera (Kajale, 1937a) The latoral placing of the antipodals after the 
secondary elongation of the embryo sac has also been clearly observed in 
Allmania nodi flora, Cyathvla tomentosa and Aerua lanata, but in these cases 
they degenerate earlier than in Pupalta lappacea The multiplication of the 
antipodals in Pupalta lappacea recalls the condition found in many members 
of the Gramineae and Compositae 

The' occurrence of starch grains in tho family has beon clearly noted 
m the embryo sac of AUmania nodtflora (Figs 11 g, h and i), Amarantua vtrtdta 
(Figs 12/, g and j) and Cyathvla tomentosa (Figs Vlk, l and m) These grains 
make their appearance in the mature embryo sac or still earlier as in AUmania 
nodtflora (Figs llgr and h) and persist after fertilization for somo time m the 
protoplasm of the endosperm (Fig 1 2j) In Amarantua vtrtdta and AUmania 
nodtflora they are of small dimensions In Cyathvla tomentosa they are much 
bigger m size. Their presenoo appears doubtful m Pupalta lappacea and 
Aerua lanata 

The final form and size of the embryo sac in the different spocies is 
illustrated by figs 11c and 12j A full grown embryo sac m Celoata argentea, 
Amarantua vtrtdta, Cyathula tomentosa and Aerua lanata assumes an annular 
form In AUmania nodtflora and Pupalta lappacea it is different In these 
cases the ohalazal end of the embryo sac grows actively and penotrates further 
into the nucellus (Fig 11c), as in Achyranthea aspera (Kajale, 1937a) This 
development of the embryo sac appears to be correlated with the form of the 
mature embryo of these plants 

Pollination and fertilization 

The flowers in the family Amarantaceae are without honey and odourless. 
In most oases they appear to be anemophilous In addition to anemophily, 
self pollination in the family appears in no way rare In those cases where 
the anthers are nearly as tall as the style or slightly taller, as in Aerua lanata, 
AUemanihera eeestks, Oomphrena globosa, etc., self pollination appears to be 




Fig 12 

Fio 12— Amarantua virtdu a, a nuccllua showing two megaspore-mother cells b, 
the same showing a single megaspore-mother cell during the I meiotic division, 
c, a linear row of two megaspores and a micropylar dyad Two epidermal 
cells have divided penchnally d-f, different stages in the development of 
the embryo sac g, a micropylar part of the embryo sac showing the fertilized 
egg and remains of the pollen-tube h, longitudinal section of the ovary 
showing the path and the presence of five pollen-tubes An air space in the 
ohalasal part of the ovule is also seen i, apical portion of one of the pollen- 
tubes from the same ovary, j, an embryo sac after fertilization showing 
mitotic divisions of the endosperm nuclei in the micropylar part and endosperm 
accumulation at the o h a l asa l end, bigger dots represent starch grains k, 
a portion of the endosperm, oell plates are seen on some spindle fibres l~P, 
various stages in the development of the embryo, q, suspensor. r, longi¬ 
tudinal section of the mature seed showing annular embryo and a layer 
of endosperm around it. a-q, X 475, h, X 125, i, X 800, j, X oo.lOO, 
k, X #25 \l-q, x 475; r, x 25. 
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even more common than wind polhnation The fact that the stamens aro 
sometimes seen touohmg the stigma itself lends further support to this 
possibility Knuth’s (1909) account concerning the subject is not exhaustive 
He has referred to only one plant in the family, viz Amarantus blitum He 
writes that the plants in the Amarantaceae are anemophilous Regarding 
the Chenopodiaceae, howevor, ho sees the possibility of self pollination This 
appears to the author to be the case m many members of the Amarantaceae 
as well 

The pollen grain is carried to the stigma at the three-nucleate stage 
There it germinates and the pollen-tubo passes downwards through the Btyle 
After it has emerged at the lower end of the style, it leaps over the spaco 
in between the ovary wall and the ovule It then reaches the ovule and makes 
its way to the micropyle m eithor of tho two ways This depends upon the 
form of the ovule at tho time of fertilization In Cyaihula tomentosa (Fig 136), 
Pupalia lappacea (Fig 14a) and Aerua lanata (Fig 15a) tho micropyle points 
upwards towards the stigma In such oases tho pollen-tube reaches the 
micropylo after travelling a short distance along the funiolo as described 
in AUernanthera scmiIis (Joshi and Kajale, 1937) The onentation of tho 
ovulo m Celmta argentea (Fig 96), Allmania nodiflora (Fig 11c) and Amarantus 
vindis (Fig 126) is different The micropylo in these forms is direoted in 
the opposite way, l e , it is pointing towards the base of the ovary Conse¬ 
quently, the pollen-tube, after it has emerged from tho style, first comes in 
contact with that part of tho ovule which is facing tho stigma It then has 
to travel along the general surface of tho ovule in order to mako its way to the 
micropyle In the latter case, therefore, tho pollen-tubes have to undertake 
a more circuitous path Tho hanging ovules with their micropyle pointing 
upwards towards the stigma are better adapted to receive the pollen-tubes 

More than one pollen gram has been commonly observed germmatmg 
on the stigma As many as five pollen-tubes were seen in Amarantus viruhs 
entering the ovary This is illustrated by fig 126 Three of tho pollen- 
tubes are seen hanging m the ovary below the style, while the other two have 
developed so far as to reach the base of the ovary It is not known wljy 
these tubes instead of entering the micropyle have gone beyond it to such an 
extent The ends of these tubes were quite close to one another and m each 
of them two sperms were olearly seen The tube nucleus is also observed 
at the tip of one of the pollen-tubes (Fig 12») It becomes evident from 
fig 126 that the path of the pollen-tubes is not very definite after reaching 
the ovule They run in all directions along the surface of the ovule to find 
their way to the mioropyle 

Accessory pollen-tubes entering an embryo sac are quite common m the 
family They were reported by Joshi and Kajale (1937) in AUernanthera 
and Digera, and m Achyranthes by Kajale (1937a) The writer has now further 
observed suoh pollen-tubes in Pupalia lappacea and Aerua lanata. Among 
other Centrospermales accessory pollen-tubes have been recorded in the 
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Fio 13.— Cyathula tommtota a and 6, longitudinal sections of the ovary showing 
two stages in the development of the ovule, o, apex of a young nucellus 
showing a group of megaspore-mother cells d, megaspore-mother cell at 
diakeneeis e, a dyad f, a linear tetrad, upper dyad cell is dividing g, 
an inverted T-shaped tetrad h-j, various stages m the development of 
the embryo sao Jfe, Micropylar part of the embryo sac showing two synergids 
and starch grains l, the same showing the egg and starch grains m, the 
middle part of the embryo sao showing the primary endosperm nucleus and 
the starch grains, a, X 60, b, X 25, o-m, X 475. 

Nyotaginaceae in Boerhaavxa dxjfusa by Maheshwan (1029), and in B repanda 
by the author (1938) Many other oases of a similar nature from different 
families are known for a long time For full literature on the subject reference 
may be made to Dahlgren’s (1927) review of fertilization 

Doubt has often been expressed whether the tube nucleus, which in the 
later stages of pollen development assumes an irregular outline, can at all 
take part in the development of the pollen-tube In my opinion this question 
may be answered m the affirmative In the family Amarantaceae the tube 
nucleus, though spherical in the beginning, generally becomes irregular m form 
in mature pollen grains. This was also observed in Amarardus virtdts. 
Similarly the tube nuoleus in Otsekta phamaeeotdes becomes irregular in outline 
(Joshi and Rao, 1936) In both these oases the tube nucleus was clearly seen 
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in the pollen-tubes that had entered the embryo sao (Fig 12*) It follows 
from this that the tube nuoleus is likely to take part in the growth of the 
pollen-tube, and its irregular outline in no way inchoates its inert behaviour 
afterwards 

Embryo development 

A fairly exhaustive account of embryo development of Dxgera arvenata 
and AUemanthera aeaailis was published by Joshi and the author (1937) recently 
During the present investigation embryo development has been studied in 
Celoaia argent ea, Allmania nodi flora, Amarantus vindis, Pupaha lappacea 
and Aerua lanata These observations completely agree with the previous 
account 

After fertilization the oosporo by a series of transverso divisions forms a 
proembryo (Figs 122, 12m, 14», 14; and 15*) It is a filament of varying 
number of cells Generally it consists of nine to ton colls in Celoaia argentea, 
six to eight cells in Allmama nodxflora (Fig 11;), six to oight in Amarantua 
vxridia (Fig I2n), eight to ten in Pupaha lappacea (Figs 14; and *) and five 
to seven in Aerua lanata (Fig 152) 

Following the organization of the proembryo some of its apioal cells, 
varying from three to five in number (Figs 9m, 11;, 12n, 12o, 14*, 142 and 
151), develop further to form the ombryo proper It is uiterostmg to note 
that for a particular plant there is a fixed minimum number of cells which 
form the mature embryo In Amarantus vtndis four or five cells take part 
in the development of the embryo (Figs 12o and p) Similarly for Celoaia 
argentea (Fig 9m), Pupalia lappacea (Figs 14* and l) and Aerua lanata the 
minimum number of cells taking part in embryo development is four For 
Allmania nodxflora it is three (Fig 11;) To the latter category may be added 
AUemanthera aessilts and Digera arvensis (Joshi and Kajale, 1937), where the 
minimum number of cells that form the ombryo is three only 

This leads us to the question of differentiation of the various parts of 
the mature embryo from these apical cells of the proembryo. Only one cell 
at the extreme apex of the proembryo is concerned in the development of 
the two cytoledons and the stem-tip Likewise, the root-apex also is developed 
from a single cell, the hypophysis This may be the third, fourth or fifth 
cell from the apex, depending upon the initial number of apical oells set apart 
for building up the mature embryo (Figs. 9m, 11;, 12n, 12o, 12p, 14*, 141, 
16m and 15n) All the cells m between the hypophysis and the apioal cell 
give rise to the hypocotyl and the radicle It is only these parts whioh 
develop from a varying number of cells, one, two or three as the case may be. 

During further development from the proembryo stage vertioal divisions 
appear in the embryonal cells. These first appear in the second, third or 
fourth cell from the apex (Fig. 12n) In fact this is the division whioh deter¬ 
mines the number of apioal oells that are to form the mature embryo The 
vectioal divisions then progress towards the apex, as in Chenopodiaceae 
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Fio. 14. 


Fio 14.— Pupaha lappacea a, longitudinal section of the ovary showing the form 
and orientation of the ovule 6, apex of a young nuoellus showing a single 
megaspore-mother eel! c, a linear row of two megaspores and a micropylar 
dyad d, an embryo sac showing the 8-free nuclei, e, a mature embryo sac 
showing the egg, two degenerating synergids, secondary nucleus and four 
antipodal* f, micropylar part of the embryo aao showing the egg and a 
synergid g, middle part of the embryo sac showing a big vacuolated and 
four small antipodal* h, the same showing a mass of antipodal* and a 
primary endosperm nuoleus t-4, various stages in the development of the 
embryo, m and n, a us pen so rs o, longitudinal section of the mature seed 
showing the form of the embryo and a layer of endosperm surrounding it on 
the outside a, Xoo 87, b-h, x475,*-», xeo237,o, x«18. 
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(Soudges, 1920), Caryophyllaoeae (Soudges, 1924) and Molluginaceae (Joshi 
and Rao, 1936) 

Soon after the completion of the vertical walla m the apioal oells, the 
penclinal divisions are initiated m the same cell in which the first vertical 
division had started (Figs 9m and 12p) This is the beginning of the 
dermatogen differentiation, which is gradually completed in other cells in 
aoropetal order (Figs 141 and 16m) This acropetal differentiation of the 
dermatogen appears to be characteristic of the whole ordor Centrospermales 
It has been recorded in ChenopocUum Bonus-Henrtcua (Soudges, 1920), Otsekm 
phamaceotdes (Joshi and Rao, 1936), AUemanthera sessths and Dtgera arvensts 
(Joshi and Kajale, 1937), Achyranthes aspera (Kajale, 1937a), Boerhaavm diffusa 
and B repanda (Kajale, 1938) 

Excluding three to five apical cells, which give rise to the embryo proper, 
the remaining oells of the proembryo dovolop into the suspensor This is of 
two types m the family The first type is found in AUmanta nodtflora and 
Aeura lanata In both these plants the Buspensor throughout its length is 
unisenate (Figs 11 k and 15m), as in Achyranthes aspera (Kajale, 1937a) 
The second type of suspensor is mot with in Celosm argentea (Fig 9o), 
Amarantus mndts (Fig 12 q) and Pupaha lappacea (Figs 14m and n) The 
suspensor m these cases becomes massive in the micropylar region In the 
lower part, however, it is completely or partially bisenate, as in Amarantus 
vtrtdts (Fig 12g) and Pupaha lappacea (Figs 14m and ») or umseriate as in 
Celosm argentea (Fig 9o) A somewhat similar structure is found in 
AUemanthera and Dxgera (Joshi and Kajale, 1937), and Woodcock (1931) has 
reported the same condition in the species of Amarantus worked out by him 
The suspensor is present nearly up to the stage of embryo development shown 
by fig 9n Later it begms to degenerato and no trace of it is seen in the 
mature seed 

Among the Amarantaceae variation oxists with regard to the form of the 
mature embryo It is annular in Celosm argentea (Fig. dp), Amarantus vtrtdts 
(Fig 12r), and Aerua lanata Examples of annular embryo are found in two 
more genera, AUemanthera and Dxgera (Joshi and Kajale, 1937) The mature 
embryo in Attmanm nodtflora and Pupaha lappacea is shown by figs 111 and 
14o Here the cotyledons have grown still further into the pensperm as in 
Achyranthes aspera (Kajale, 1937a) The structure of the embryo in the 
last three plants is interesting, for it shows how the spiral embryo, met with 
m the tnbe Spirolobae of the Chenopodiaceae, could have originated 

Numerous starch grams are deposited in the different parts of the embryo 
Their distribution was studied m Celosm argentea and AUmanm nodtflora 
The ootyledons oontain more grams than the hypocotyl and the radicle At 
the root apex they are less than m any other region The distribution of the 
starch also differs in the three histogenio layers of the embryo More starch 
is found in the penblem than m the dermatogen and plerome The sue of 
Hie gr ains m the periblem is also larger than in the plerome and dermatogen. 




Fro. 15. 

Fra. 15 —Aerua lanata. a, longitudinal section of the ovary showing the form and 
orientation of the ovule b, apex of a young nocellus showing two meganpore¬ 
mother cells, o, the same showing a single megaspore-mother cell during 
the I meiotio division, d and s, a row of two megaspores and a mioropylar 
dyad f-h, various stages in the development of the embryo sac i, micro, 
pylar part of the mature embryo sac showing a pair of synergids and • 
secondary nucleus j, the same showing the fertilized egg and the primary 
endosperm nuokus. h-n, various stages in the development of the embryo, 
a, Xeo.SlS|bHt, XO0O. 
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The starch deposition in the embryo begins late, after the cotyledons have 
developed to a considerable size A similar distribution of starch was noted m 
Altemanthera and Dtgera (Joshi and Kajale, 1937) 

PeRISPERM AND ENDOSPERM 

A good deal of nueellus is left m the centre of the mature seed This 
represents the pensperm The colls m it are densely filled with starch grams, 
which serve as the reserve food for the embiyo The pensperm in Celosta 
argentea (Fig 9p) and Amarantus mndis (Fig 12r) is a pear-shaped body 
enclosed within the embryo In AUmanta nodtflora (Fig 111) and Pupalta 
lappacea (Fig 14o) it becomes two-lobed due to the accessive growth of the 
ootyledons 

The endosperm formation has been studied in all plants except in Cyathuia 
tomentosa The pnmary endosperm nucleus divides a number of times before 
the oospore in a free nuclear fashion Numerous nuclei are thus formed 
These are mostly evenly distnbuted in the protoplasm of the embryo sac 
except at tho chalazal end In Celosta argentea, Amarantus vtrtdts (Fig 12j), 
Pupalta lappacea and Aerua lanata some of tho nuclei were clearly seen accu¬ 
mulating in a mass at the chalazal extremity of the embryo sac This accu¬ 
mulation begins after the proembryo stage During later stages of embryo 
development it disappears due to the appearance of the cell walls in the 
endosperm 

An interesting point about the endosperm is the division of its nuclei 
All these nuclei do not divide simultaneously throughout tho embryo sac. 
The divisions start in the nucropylar region and extend gradually towards 
the chalazal end The various figures of mitotic divisions thus can be seen in 
one and the same embryo sac (Fig \2j) This peculiar behaviour of tho 
nuolei was clearly noted m AUmanta nodtflora and Amarantus vtrtdts The 
endosperm nuclei as they enter the telophase stage are connected with each 
other by spindle fibres (Fig 12&) In some of the spindles cell-plates were 
clearly seen at the equatorial region (Fig 12*), but they disappear very soon 
The spindles soon disappear and the nuclei he quite free in the general 
oytoplasm of the embryo sac 

The wall formation in the endosperm begins nearly simultaneously with 
the appearance of the cotyledonary initials in the embryonal mass It starts 
in the nucropylar region and extends towards the chalazal extremity The 
endosperm becomes cellular throughout the embryo sac and no endosperm is 
left in the free nuclear condition To this general rule in the family, 
AUemanthera sesstlts (Joshi and Kajale, 1937) is the only exoeption so far 
known In this species part of the endosperm at the chalazal extremity remains 
always in the free nuclear condition and is absorbed by the embryo as such 
The embryo during its development destroys the endosperm, and the seeds, 
therefore, are nearly non-endospermio. .Only a layer or two of endosperm 



L. B KAJALK . THE EMBRYOLOGY OF THE AMABANTACEAE. 


cells is left in the mature seed This is present m the form of a cap over the 
radicle in Celesta argerUea (Fig 9p), Allmanta nodtflora (Fig lli) and Aetna 
lanata In Amarantus vtrtdts (Fig 12r) and Pupalta lappacea (Fig 14o) 
it completely surrounds the embryo except for a short distance about the 
middle on the side of the pensperm According to Woodoock (1931) the 
endosperm layer in Amarantus caudatus is present only over the radicle, unlike 
that m Amarantus vtndts (Fig 12r) The cells of the endosperm are generally 
densely packed with starch grams, but some of these cells m Pupalta lappacea 
(Fig 14o) towards the chalazal end have loss of starch than others 

Summary 

The paper deals with the life-history of Cdosia argentea, Allmanta nodtflora, 
Amarantus vtndts, Cyathula tomentosa, Pupalta lappacea and Aerua lanata 
A few stages in the development of Altemanthera sesstlts, Oomphrena globosa 
and Bosta Amhersttana are also described 

The various floral parts develop m acropetal succession The order of 
development is bract, bractooles, porianth, androecium and gynsecium 

The archesponum in the anther appears at two places in ono-cellod anthors 
and at four placos in two-cellod anthers and consists of one to five towb of 
hypodermal cells The primary wall eellH give rise to three layers The 
anther wall is thus four layers tint k The hypodorraal layer forms the fibrous 
endothecium Tho innermost layer develops into the tapetum It is secretory 
in function Its cells are generally binucleate, but occasionally the number is 
higher The layer botween tho endotheoium and tapetum is crushed early 
The inner wall of the tapetal and endotheoial cells undergoes granular cutmiza- 
tion in all cases 

The division of tho pollen-mother cells is simultaneous Cytokinesis 
takes place by furrowing 

The mature pollen grams are three-nucleate The sperms are merely 
nuclei The tube nucleus becomes irregular in outline, but it appears to take 
part in the development of the pollen tube The presence of starch grains 
has been noted m the mature pollen grams The exine in the mature pollen 
grams becomes thmner than before This is due to its being stretohed by 
growth from inside 

The pollen grains m most forms are of the smooth type, but in Altemanthera 
and Oomphrena they are sculptured The size of the grams, number and 
size of the germ pores, behaviour of the pore membrane vary a good deal in 
the different plants From these characters it is possible to identify the 
different species of the family 

The ovules are generally ana-campylotropous, but in AUmanta nodtflora 
the ovule is campylotropous In this species an arillous hollow outgrowth 
develops from the funicle There are two mteguments. The inner one forms 
the micropyle A characteristic air-space is developed m between the two 
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integuments in the ohalazal part of the ovule A seoond air-space is sometimes 
present in between the Ducellus and the inner integument 

The nuoellus is well developed oxcept in Bosta Amhersttana Its chief 
feature is the formation of an epidermal cap and differentiation of a menstematio 
zone at the chalazal end The archesponum m the ovule consists generally 
of two to six hypodermal cells, but only of one coll in Pupalta lappacea A 
parietal cell is cut off Many megaspore-mother cells are formod, but only 
one completes the meiotic divisions A linear row of two megaspores and 
a dyad or four megaspores is formed The former condition is more common 
One exceptional case of mvortod T-shaped tetrad was noted in Cyathula 
tomentosa 

The embryo sac is of the normal type The egg is flask-shaped It may 
have a smgle prominent vacuole or many small vacuoles The synergids are 
two in number, pear-shaped and hooked The vaouolo is in the chalazal 
part and the nuolous is in the mioropylar rogion Egg-liko synorgids have 
also been observed The antipodals are three m number, except m Pupalta, 
where they multiply to form a small mass of 30-40 colls They persist for 
some time The two polar nuclei increase m size before fusion Starch grains 
in the mature embryo sac have been noted in Allmanta nodtfiora, Amarantus 
vtrtdts and Cyathula tomentosa 

Fertilization is porogamous Accessory pollen-tubes m the embryo sac 
wore observed in Amarantus vtrtdts, Pupalta lappacea and Aerua lanata As 
many as five pollen-tubes were seen m the ovary of Amarantus vtrtdts 

The proembryo is a filament of varying number of cells The mature 
embryo is developed from three to five apical cells of the filamentous pro¬ 
embryo The embryo development corresponds to what has been described 
m AUemantkera and Dtgera (Joshi and Kajale, 1937) 

The mature embryo is annular in Celosta argentea, Amarantus vtrtdts and 
Aerua lanata. In Allmanta nodtfiora and Pupalta lappacea tho embryo agrees 
with that of Achyranthes. The Buspensor is generally massive at the micropylar 
end, except in AUmanta nodtfiora and Aerua lanata, where it is unisenate 
throughout its length 

The endosperm is nuclear in the beginning, but later it becomes completely 
cellular, exoept in AUemantkera In the mature soed the endosperm is left 
as a layer or two over the radicle An accumulation of the endosperm at the 
free nuclear stage at the chalazal end of the embryo sac is clearly observed in 
Celosta argentea, Amarantus vtrtdts, Pupalta lappacea and Aerua lanata 
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THE DETERMINATION OP SOIL CONSTANTS AT BROADCAST AND 
ULTRA-HIGH FREQUENCIES 


By Imtiaz Ahmad Ansari, M Sc , B D Toshniwal, M 8c and 
G R Toshniwal, D 8c., Mem IRE, Physical Laboratory, 
University, Allahabad 

(Communicated by Prof M N Saha, F R S ) 

(Read August 20, 1940 ) 

Summary. 

Soil constants have been determined at broadcast and ultra-high 
frequencies At broadcast frequencies two mothods have been employed, 
viz the Colebrook and Wilmotte method and the differential transformer 
method The latter has been found to bo very simple and quite suitablo foi 
the type of work undertaken The variation of soil conductivity, with 
moisture oontont, has been studied m both the ranges of frequencies, and it 
has been found that the conductivity at ultra-high frequency (423 Mo /see ) 
is about 2 to 8 times (depending upon the moisture oontont) that at lower 
frequencies 

The conductivity of samples of Allahabad soils at normal moisture contents 
has been found to be of the order of 2 x 10“ 18 emu at broadcast frequencies 
and 1 6x I0“ 18 e m u at 423 Mo /seo 


Introduction 


The knowledge gained of the electrical properties of soil is of considerable 
importance in physics and eleotrical engineering, but the development of radio 
transmission has stimulated groat interest in the investigation of these 
properties at higher frequencies The possibility of predicting ground wave 
field intensities has rendered suoh studies indispensable to the radio engineer. 
It is particularly so m the broadcast range of frequencies where the primary 
service area can be calculated fairly accurately if the soil constants are 
known 

The mathematical expression for the ground wave field strength was 
first given by A Sommerfeld 1 According to this the field strength produoed 
by a quarter wave antenna is given by * 


a 


.. ( 1 ) 
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where E field strength in millivolts per metre, 

P E3 power radiated m kilowatts, 
d as distance from the transmitter in metres, 

A -= absorption factor and is given approximately by 


_2±*p_ 

2 +p+ 6p> 

p ib known as the ‘Sommerfeld numerical distance’ and is given by 

p = 936 xlO- 1 *^ . 

a 


( 2 ) 

( 3 ) 


a being the conductivity of soil m electromagnetic units and / the carrier 
frequency in kilocycles per second 

Equations (2) and (3) neglect tho effect of dielectric constant, as the 
impedance offered by the soil of good conductivity to tho flow of low radio 
frequency current is primarily resistive Tho highest frequency at which this 
is true is given by 

f D Ig5xl0»g 


where k is tho dielectric constant of the soil 


For ordinary soil tho values of a and k are of the order of 10" 1 * emu 
and 10 respectively, giving / a maximum value of 1,600 Kc./soc , the upper 
limit of the broadcast range So that, unless tho soil is very poorly conducting, 
the above formulae can be used for the entire broadcast range 
For large values of p 


A 


1 

2 08 p 


(5) 


and the distance d at which a field strength if is to be obtained is given by 


(6 > 

Eqn (6) can be used for determining the primary service area of a broadcast 
station. 

In addition to the above simplified relationships the formulae and ourves 
given by B van der Pol* and Dellinger 4 Committees and by Eokersley, 8 
Norton * and Burrows * permit a quiok and more accurate computation of the 
ground wave field strength for all types of soil as well as for sea water. 

The soil constants also enter into the calculations of the antenna heights 
for the greatest fading-free primary range of a broadcast antenna In the 
case of broadcast transmission fading takes place aa a result of the inter¬ 
ference of ground wave with the sky wave. The best antenna should, therefore, 
be of such a height that the sky wave field strength for some desired distance 
may be small m comparison with that of the ground wave. Ballantine * 
has made a computation by comparing the relative field strengths at various 

3B 
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distances for the ground and sky waves radiated from antennas of different 
heights The ground wave was computed by making use of Sommerfeld’s 
equation and hence involved a knowledge of the ground constants The 
ourves given by him as a result of this analysis can be used to determine the 
antenna height provided the froquonoy and ground conductivity are known 

Owing to the enormous attenuation of the ground waves and the pre¬ 
dominance of sky waves at frequencies above 1,600 Ko /sec the ground con¬ 
stants become only of secondary importance But in the ultra-high frequency 
range (where the waves are too short to be rofraoted by the ionosphere, and 
are propagated by diffraction round the earth’s surface) a knowledge of soil 
conductivity and dielectric constant again becomes essential The formulae 
for use at ultra-lugh frequencies are too complicated to be given here and the 
curve given by van der Pol,* Norton 8 and Burrows 8 can be used for quick 
and accurate computation 

It is important to note that the values of soil constants to be used in the 
above mentioned curves and formulae are average values for the area under 
consideration When the variation of soil constants with distance is appreciable 
this averaging method does not yield very accurate results An attempt to 
overcome this difficulty was made by Eckorsloy * who gave a method of 
‘piecing together’ attenuation ourves corresponding to various soil con¬ 
ductivities But this method though more rational is incapable of yielding 
more accurate results 

The present paper describes laboratory measurements of soil constants 
m the broadcast range (Part I) as well as at an ultra-high frequency (Part II). 
The measurements were made with a view to determine these constants for 
Indian soils and to study their variation with moisture content and frequency. 
Two samples of soil were tested. Samplo I, which was obtamed from an open 
field in the Muir College compound, was studied in 1938-39 and measurements 
were made both at broadcast and ultra-high frequencies for the same soil 
The values of conductivity at these frequencies are given in Tables I and IV, 
Measurements on sample II, obtained from a street about two furlongs from 
the previous site, were made in 1940, and the values of conductivity for this 
soil are given in Table II. 

Measurement of Soil Constants at Radio Frequency 

Soil constants have been studied either by field measurements or by 
sampling methods in the laboratories For all engineering use the former 
methods have the advantage of giving average values direotly over the specified 
area, but these methods are always cumbersome and require considerable time 
for measurements. On the other hand, the sampling methods are quicker and 
simpler. They have the further advantage that a study of the electrical 
constants for different types of soils can be employed to predict the constants 
for other areas from a knowledge of their geological classification and surfaoe 
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conditions. On account of these reasons sampling methods have been recently 
favoured by various investigators 10 

Past I 

The soil constants at the broadcast frequency range wore first determined 
by the balanced differential air transformer method in this laboratory It 
is a very simple method and has not hitherto been utilized for this purpose 
by any worker At the same time it has the inherent advantage over the 
customary Wheatstone bridge method requiring elaborate shielding and 
stray capacity balancing arrangements A year later measurements of soil 
constants were also made by the Colebrook and Wilmotte 11 method in the 
same frequency range 

The Differential Transformer Method :— 

The construction of the differential transformer and the principle involved 
is detailed m Hund’s «High Frequency Measurements * (p 268, Ed 1933) 
The differential transformer consists of two exactly similar primaries 
wound m opposite directions and coupled to a secondary When the ourrents 
in both the primaries are equal and in the same phase, there is no current 
m the secondary In order to measure soil constants the condenser containing 
the sample of soil was connected in one of the arms of the transformer primaries 
in parallel with another air condenser of about 500fipF capacity The 
impedance offered by this combination was balanced by another combination 
of resistance and oondenser placed in series with the other arm of the trans¬ 
former primary The condenser and the resistance were kept m series when 
the soil was very dry and in parallels when it was wet The soil constants 
were determined from a knowledge of this resistance and capacitance The 
current in the secondary was measured by means of a crystal detector and a 
mirror galvanometer A small parallel plate oondenser of about 2 6 fifiF 
capacity was used as the soil container. The soil was rammed into it and 
compressed to the extent to whioh it is normally found in fields 

Soil conductivity for sample I was obtained by this method at 1 Me /sec 
at different moisture contents and is given in Table I 

The Colebrook and Wilmotte Method 11 .— 

A brief description of this method is given below.— 

Two radio frequency oscillators A and B are adjusted to beat at some 
suitable audible frequency. To one of these, say A, is coupled a LC circuit 
inductively. Let us designate the capacities of this circuit and of A by 0 
and Ojl respectively. If 0 is varied, the frequency of A changes The 
original beat frequency is now restored by ohanging C A . The variation of O 
with Ca ia this way is illustrated by curves in Fig. 1, Each curve exhibits 
a maxima (Pi) and a minima (P*) The values of 0 corresponding to these 
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Tables I 

Soil conductivity for Sample I all Me /sec 


Percentage of moisture 

Conductivity in electro¬ 
magnetic units 

0 88 

1 lxlO-w 

2-0 

3-9x10-1# 

60 

4 0x10-1* 

7-1 

0 3x10-1* 

93 

8 3x10-1* 

10-3 

1 1 x io-i» 

14 2 

3 0xl0-i» 

14 3 

2 2x10-1* 

20 0 

7 9xl0-i» 

22-2 

9 4x10-1® 

27 2 

1 oxio-i* 

30 4 

1 06x10-1* 


points determine the resistance of L If now an impedance, such as is offered 
by a soil-filled condenser, be connected across G and the curve between G 
and Cjl obtained as before, the pomts P 1 and P z will be found to shift further 
apart The value of G corresponding to P x and P t now will give the total 
series resistance from whioh the parallel resistance across G and hence the 
sod conductivity can be determined Now if P 1 and P 2 are not sharply 
defined the correspond mg values of C also become relatively inaccurate. It 
was found that as the sod conductivity of a particular sample increased due 
to an increase of the moisture content the curve bocame flatter and flatter 
(see curves obtained for sod conductivity of 0, 10“ 16 and 10“l* emu. 
in Pig 1) 

Although a tighter coupling between A and the ooupled cirouit gives 
sharper peak pomts, yet the extent to which coupling can be increased is 
limited by the appearanoe of an irregular variation followod by the disappearance 
of the heterodyne beats altogether Ordinanly the soils have higher 
oonduotivity than those for which curves of Fig 1 have been drawn, so that 
even the maximum amount of coupling consistent with the regular behaviour 
of the oscillator does not give sharp pomts For this reason the impedance 
offered by the sod condenser has to be increased by connecting another air 
condenser in series with it. As sod conductivity increases the value of this 
capacity has to be decreased so that the pomts P\ and P% may still be deter¬ 
mined within fairly aoourate limits 

The order of accuracy to be expected can be estimated from the fact 
that the difference between the two settings P\ and P§ of the ooupled oirouit 
capacities could be determined within an uncertainty of about 3-8%. In 
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case the series condenser is not too small the conductivity of the soil may be 
considered to be proportional to this difference Actual measurements on 
the same sample of soil with different senes capacitance values were found 
to be consistent well within that limit Measurements on carbon resistances 
of different values, however, yield results that were within 10% (and in some 
oases 15%) of their d o. values The results obtained for smaller resistances or 
for soils of good oonduotmty (of the order of about SxlO” 1 * emu) were 
found to be more inaccurate than those for soils of poorer conductivity. In 
general an accuracy of about 10% may be assumed m these measurements 
Two radio frequency Dynatron oscillators 11 further stabilised by a stage 
of amplitude control were used in the present investigations A 1,000 oyole 
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tuning fork maintained oscillator was employed as a comparison audio fre¬ 
quency source. A radio receiver was used as a detector of the heterodyne 
frequency The sampling condenser, in these measurements, was a cylindrical 
oondenser of 6 IppF capacity Observations were taken at 27°C. m the 
months of February and March 1940 Results obtained at 1,100 Kc for 
sample II by this method are given below.— 


Table II 


Soil constants at 1,100 Kc /sec for Sample, II. 


Percentage of moisture 

Conductivity m e m u 

15% 

8*6 x 10 -15 

5 3% 

8 Ox 10 -14 

8 2% 

2 0x10-13 

101% 

2 9xl0-i» 

11 5% 

3 0x10-13 

13 8% 

4 7x10-18 

23 9% 

1 lx 10-12 


Part II. 

The method employed at higher frequencies was essentially the same as 
used by Smith-Rose and McPetne 18 except that a Barkhausen-Kurtz 
oscillator 14 was employed as a source of high frequency 

The soil container was a wooden box (33*5x16*6x15 5 om 8 ) The 
dimensions of the box were so chosen that after filling it completely with 
soil, practically no change was detected on the wavelength if more soil was 
heaped over it 

The oouphng between the Lecher wire and the oscillating circuit was 
adjusted aooording to the moisture content of the soil, so that the wavelength 
could be easily measured Tight oouphng was found necessary when the 
moisture content increased beyond 15%. 

As detailed in Smith-Rose and MoPetne’s paper referred to above the 
value of 



(where A* is the wavelength measured along the Lecher wire in air and A* 
in the soil) teas determined at different moisture content*. 
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8 12 16 20 24 29 

MOISTURE CONTENT% 


P IQ. 2. 


A curve was drawn showing the relations between y and the percentage 
of moisture (Fig 2). The values obtained for y for sample I are given in 
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Table III 

Wavelength xn atr X a = 71 cm 


Percentage of 
moisture 

Wavelength m 
soil m cm 

/KV 

'-(S) 

6*60 

32 60 

4 78 

7*30 

32 30 

4 80 

7-84 

32 28 

484 

9 27 

31-80 

4 98 

11-48 

30 70 

6 36 

1180 

29 74 

6 70 

13 26 

28-66 

6-13 

14 61 

26 80 

7 02 

16 63 

23 60 

9 16 

17 22 

23 32 

9-27 

18 49 

2218 

10 26 

20-36 

21 74 

10 64 

2100 

2168 

10 84 

26 64 

21 44 

10 97 


From the ourve of Fig 2 it is found that y nearly equals 4 5 for very dry soil 
and then reaohos more or less a constant value 11 for the soil containing 
moisture above 24 per cent The quantity y involves both a and k, and 
though the determination of a and k individually is not possible we can 
make oertain useful deductions Measurements detailed m Part I show 
that the conductivity decreases very rapidly with the moisture content of the 
soil and therefore wo can take the value 4 6 as the value of k for dry soil, 
and since k cannot have a value greator than 11 we conclude that at the 
frequency corresponding to 71 cm wavelength (423 Me /seo) the dieleotnc 
constant must he between 4 6 and 11 up to 26 percentage of moisture in 
the soil The soil was found to contain on the average 17% of moisture at a 
depth of about 1 foot below the surface m the month of February ( 1038 ). 
All observations were taken at 25°C 

If the percentage of moisture in the soil is known, y can be easily found 
out from the curve of Fig. 2 From equation (11) of Smith-Rose and 
MoPetne’s paper we have 

tfemtj. ™ jq7 / a/ y (y* - #) • * • • • CO 

The symbols used in equation (7) have the same significance as before The 
upper limit of a is obtained by assuming the least value of * — 4*6 The 
lower limit is obtained by putting y ■■ k, for, as will be seen from equation 
(7), k cannot be greater than y. The probable value of # is a suitable value 
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selected between these limits. Table IV below shows some oaloulations 
based upon the above methods — 


Table IV 

Conductivity at 423 Me /sec for Sample I 


Moisture 

oontent 

y 

Probable 
value of k 

Conductivity. 

For value of k 
Col 3 

Maximum value 
of a for k b= 4 0 

0-0 

4 75 

4 68 

2 71x10-13 

3 97x10-1* 

9-0 

50 

48 

4 7xl0”>3 

66x10-13 

11-6 

6-5 

50 

8-ox 10-13 

10 4x10-18 

15-0 

74 

62 

14 0x10-13 

213x10-13 

17 0 

95 

82 

16 0x10-13 

30 0x10-18 

18-0 

10*1 

87 

17 6xl0-i 3 

35 0x10-13 

20-0 

10 6 

9-1 

18 74x10-18 

37 45x10-13 

24-0 

10 9 

95 

19 0x10-13 

38 94x10-18 

28 0 

110 

9-6 

19 1x10-13 

39 4x10-18 


Discussion of Results 

The values of conductivity given in Tables I, II and TV are plotted on a 
logarithms paper (Fig, 3) Curves I and II givo the variation of conductivity 
with moisture content for samples I and II (Tables I and II) at broadcast 
frequency. Curve III gives the probable values at the ultra-high frequencies. 
The dotted curvo IV has been plotted for the maximum possible value of 
conductivities as given in the last column of Table IV 

For both the samples of soil the conductivity at the broadcast range was 
found to increase from about 10~ 1B emu for very dry soil to 10" 1 * emu 
for mud The increase in conductivity was found to be very rapid at lower 
moisture content, but as the percentage of moisture was increased it was found 
to fall off, finally approaohmg a limiting value For normal moisture oontenta 
(about 17%) the conductivity of soil approaches its limiting value so that the 
variation m conductivity for slight seasonal variations m moisture oontent 
of the soil is small For the same reason it is not necessary to go on digging 
the ground (in case it is homogeneous soil) to any great depth and determine 
its conductivity and moisture oontent at different levels It is sufficient to 
dig only a few feet and determine the moisture oontent till it becomes fairly 
constant Moreover, it is to be noted that although the variation m moisture 
oontent of the surface soil is considerable in certain seasons this variation 
does not affect the propagation of wireless waves, as a large percentage of the 
current is usually earned by the soil up to a depth of several metres and the 
moisture content of the soil at some depth below the surface does not vary 
to any great extent The normal moisture oontent in the case of sample I was 
found to be about 17% in the month of February. The value of conductivity 
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corresponding to this percentage of moisture (viz. 3xl0 -1 * emu) deter* 
mines the propagation of ground ware with fair approximation for all seasons 
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The variation of conductivity with frequency within the broadcast range 
was not great For this reason only one set of values obtained at about 
1 Mo /see has been given 

The values of soil constants for normal moisture content (about 17%) 
were found to be about 2x 10“ 18 at broadcast frequencies 

Of the two methods used at the lower frequencies the results obtained by 
the Colebrook and Wilmotte method is considered to be more accurate for well- 
known reasons But the differential transformer method is comparatively 
simple At the same time the latter method appears to be sufficiently accurate 
A fairly sensitive galvanometer, two good air condensers, a differential trans¬ 
former and one radio frequency oscillator are the only major requirements 
of this method On the other hand the Colebrook and Wilmotte method 
requires two radio frequency oscillators, an audio frequency source, a detector 
amplifier, and at least three good variable condensers 

In addition to this the osoillators to be employed in this case must have 
very constant frequency, because variations in frequency not only introduce 
errors m observations but they also make it extremely difficult to take any 
observations at all This is because zero beat points between the audio 
oscillator and the heterodyne note has to be obtained and this necessitates 
very constant frequency source In the case of a differential air transformer 
method there is of course no difficulty in taking observations oven if the 
frequency vanes within narrow limits At the same time appreciable error 
can be introduced in the results (except at very low moisture content) when 
the condenser and the resistances in the balancing arm have to be kept m senes 

It is not too much to expect that the differential transformer method can 
yield as accurate results as the other one within the limits of aoouraoy deter¬ 
mined by such factors as improper ramming of soil, etc Measurements are 
being made to compare the results obtained by the two methods for the same 
samplo of soil We are, however, of the opinion, oven at this stage, that the 
differential transformer method is much simpler and sufficiently accurate for 
all radio propagation determination 

The conductivity of soil at high frequencies (423 Mo /see) was found 
to increase with moisture content, finally attaining a limiting value of 
2x 10 -11 emu At lower moisture content the value of conductivity was 
found to be as muoh as 6 tunes that at 1 Mo /sec. This difference increased 
with an increase in the moisture content up to about 17%, the normal moisture 
content of the soil, when the oonduotivity was about 8 times as great At 
still higher moisture content the difference decreased and ultimately became 
only double of what it was at lower frequencies Smith-Rose 18 had also 
observed that the conductivity doubled at 100 Mo /seo. 

The results obtained by this method are, however, inherently subject to 
considerable error, but they definitely show that the conductivity at ultra- 
high frequencies is muoh greater than that at lower frequencies and, in general, 
k may be considered to be about 3 to 4 times as muoh or more 
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Owing to the large amount of soil required for measurement m this case 
the observations could not be taken at very low moisture content, but from 
the nature of the curves it appears that the variation at lower moisture content 
will be less than that in the lower frequency range At higher moisture content 
the curve becomes flatter than what it is in tho case of low frequency range 
Smith-Rose and McPotne had also observed that the conductivity 
moisture content curve showed a discontinuity at about 14 to 16% moisture, 
and this they attributed to some sort of rosonanoe phenomenon No such 
resonance effect was, howevei, observed in tho present investigation 

The present work is a preliminary to a more extended investigation in 
which it is proposed to determine the soil constants at broadcast and ultra- 
high frequencies at different raoisturo contents A study of the variation of 
conductivity with temperature will also be made and representative samples 
from different localities in India will be tested 

Our thanks are due to Prof 8 Bhargava, the Head of the Physics 
Department, for the facilities he gave us 
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THE NITRATION AND HALOGENATION OF 8, METHOXY- AND 
8, HYDROXY-COUMARINS 


By B B Dey and Miss V Ammalu Kutti 


{Read August 20,1940 ) 


The subject of the investigation arose originally m connection with 
attempts to define precisely the relative positions of tho methoxyl groups 
and the iso-pentane-diol side chain in tho molecule ol Toddalo-laotone, which 
had been isolated from Toddalia Aculeata and investigated hi this laboratory 
some time ago (Dey and Pillai, Arch Pkarm , 271, 1933,471, and Arch Pharm , 
273, 1936, 223, Spath, Dey and Tyra>, Ber, II, 71, 1938, pp 1826-1830, 
and Ber , II, 72, 1939, pp 63-66) 

One of the methoxyl groups was supposed to occupy position 8, on 
account of the rather stablo character of the (oumarmic acid (as) derived 
from Toddalo-lactone (Dey and Filial, Arch Pharm , 273, 1936, 223), and one 
of the schemes wliioh wore drawn up for attackmg the problom of its structure 
was that of the syntheses of several dimethoxy-coumann-carboxylic acids 
starting from 8, methoxy-ooumann, and the possible identification of one 
of these with that resulting from the oxidation of tho side chain in Toddalo- 
lactone. 

Although the mam purpose with which the investigation was commenced 
has not been realised, and the underlying idea itself, namely, that one of the 
methoxyl groups was in position 8, has been shown to be incorrect (Sp&th, 
Dey and Tyray, loc at.), the results obtained in the meantime from an 
investigation of the products of nitration and halogonation of 8, methoxy- 
ooumann, 8, hydroxy-coumann and 8, methoxy-coumann-3, oarboxylio 
acid, which are embodied m this communication have provided materials 
of considerable interest for a general study of the problem of onentation in 
the coumann ring. 

8, methoxy-ooumann (Noelting, Bull Soc Ind Midhouse, 79, 1909, 
401-430, Rupp and Linck, Arch Pharm , 253, 1916, 241), required for these 
investigations, was prepared mainly from ortho-vanillin by the application 
of Perkin’s method, thus — 


OCH„ 

0 OH CH 3 COONa 

CHO (CH.co)*o 


OCH s O 



OCH, 


* a 

OH 


iCH-CH 

d00H 


(1) (XX) 
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Considerable quantities of the corresponding cinnamic acid (II) mp 
176°, (methyl ester, m p 106°), were also obtained in this process The forma* 
tion of this acid, which is always found to accompany the ooumann, does not 
appear to have been observed either by Noeltmg or by Rupp and Linok 

The aoid has apparently tho <rarw-formula and cannot be readily converted 
into the ooumann As the final yield of the coumann was substantially 
reduced on aocount of the formation of this acid, attempts were made to 
obtain the coumann by the process of dooarboxylation of 8, methoxy-ooumarin- 
3, oarboxylic acid (IJI) which could l>e prepared in a quantitative yield from 
the condensation of ortho-vanillin with ethyl malonato in the presence of 
pipendine (Perkin and Robinson, JOS, 1914, 2382), thus — 



Tho decarboxylation, which was carried out with copper powder and sand, 
proceeded, however, with partial decomposition thus diminishing the final 
yield of the coumann to about the same as that obtamed by the other process 

The nitration of 8, raethoxy-ooumann was earned out under different 
conditions Low temperature usually gave an impure produot, the mono* 
mtro-product, (IV), m p 206°, being obtamed almost exclusively on treating 
the ooumarin with a mixture of concentrated sulphuno acid and fuming mtno 
acid at a temperature of 30°-40° 

The determination of the position of the mtro-group in this new oompound 
presented an interesting problem, in the solution of which several unforeseen 
difficulties wefo encountered. 

That the mtro-group had not entered the pyrone npg was proved by the 
behaviour of the oompound with boiling alkali, a cw-nitro-cinnamic aoid readily 
c h a ngin g into the original compound being formed. 3, nitro-ooumarins are 
known to be readily broken down in this reaction, first into, mtro-styrene 
derivatives and then into salioyl-aldehydes, thus:— 
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The nitration of ooumarin itself had been known to proceed in the 
first plaee with the exclusive substitution of position-6 (of Delande, Annalen, 
46, 1848, 337, Bleibtreu, Annalen, 96, 1866, 262; Tage, Ber , 20, 1887, 2110; 
Morgan, JC 8, 86, 1904, 1233; Francis, Ber , 39, 1906, 3803), but careful 
repetition of the work revealed the formation also of small amounts of 8, 
nitro-coumann in the process (Dey and Knshnamurthi, JIGS, 1927, 1977) 
On further nitration, the 6, 8, dimtro- and finally the 3, 6, 8, tnmtro- 
ooumanns are formed (of. Clayton, JOS, 1910, 1397), thus.— 



If nitration had proceeded similarly to that in the unsubstituted ooumann, 
the new derivative should be considered to be 6, nitro-8, methoxy-ooumarin 
(V). The synthesis of 6, nitro-8, methoxy-oouinann was readily accomplished, 
starting from 6, nitro-ortho-vamlhn (VI), the position of the nitro-group in 
the latter having been definitely established by Davies ( J.C.8., 1923, 1578). 

4 
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6, nitro-8, methoxy-ooumann (V) melted at 206° whioh was very nearly 
the same as the melting point of IV, but since a mixture of the two melted 
indefinitely betweon 170-90°, they were presumed to be different This 
presumption was shown to be correct by reduoing IV and V to the corres¬ 
ponding amines, X and XI, and preparing therefrom, by diazo-transformations, 
various derivatives which were all found to be different 

Moreover, two distinct qumaldmo-pyrones, XII and XIII, were prepared 
from the two isomeric amino-8, methoxy-coumanns, X and XI, by the process 
of Doebner and Miller, thus*— 


OCHj 

rr 

NOjl JCHO 



(V) (XI) 


OCH a O 



(xm) 

(Quinaldmo-6, 6-oc, pyrone) 


OCH a O 



(IV) 



The following table containing a statement of the melting points of the 
various derivatives of the two isoraeno nitro-ooumarins brings out their 
differences very olearly*— 


(By nitration of 8, methoxy • (By Perkin’s Syntheses from 

ooumarin.) 5, nitro-ortho-vanillin.) 


OCHj 0 



OCH s O 



NO*(?) CH 
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By Nitration of 8 , methoxy-ooumarm 

By Perkin's Syntheses from 

5, nitro-ortho-vanillin 


Compound 

MP. 

Compound 

MP. 

Mixed MP. 

(t) Nitro-8, methoxy- 

ooumarm 

208° 

0, nitro-8, methoxy 
ooumann 

205° 

170-180° 

,, Ammo-8, methoxy- 
coumarm 

160° 

0, ammo 8, methoxy- 
ooumarm 

107° 

130-148° 

„ Acetyl-ammo-8, me¬ 
thoxy coumarm 

265° 

8 , acetyl ammo. 8, 
methoxy-coumarm 

241° 

215-246° 

„ Piorate 

180° 

Picrate 

228° 

108-200° 

„ Chloro-8, methoxy- 
ooumarin 

182° 

0, ohloro-8, methoxy 
ooumann 

122° 

120-180° 

„ Bromo-8, methoxy- 
coumarm 

168° 

8 , bromo-8, methoxy. 
coumarm 

110° 

105-150° 

,, Qumaldino pyrone 

217° 

Qumaldino pyrone 

247° 

175-200° 


The foregoing observations definitely established the fact that the nitro- 
group had entered a position other than 6. The methoxyl group in 8, position 
must therefore bo considered to have an important mfluenoe in ovorooming 
the usual effect of the pyrone ring in directing the mtro-group to the position 6 
Not a trace of the latter could be detected 

Two places, via. 5 or 7, thus beoome possible for the newly entering mtro- 
group, the alternative structures being as follows:— 


OCHgO 




and a final choice between these appeared to be possible through the synthesis 


of 6, nitro-ortho-vamllin, 



It has been observed that although ortho-vanillin itself gives on direct 
nitration only the 5, nitro-derivative (VI), its methylation product, ortho- 
veratrio aldehyde, gives a mixture of the 5, (Vli), and the 6, nitro-derivatives 
(VIII), a separation between whioh is possible by taking advantage of the 
difference in solubilities of their para-toluidil derivatives (of. Cain and Simonson, 
jgS., 105, 1914, 159; Robinson, J C 3., 1914, 2382; Davies, J.O.8., 1923, 
1575; Perkin and Robinson, J.O 8 ,1924, 2355) The reactions are explained 
by the following scheme:-- 
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The 6, mtro-ortho-veratnc aldehyde (VIII) was prepared in this manner 
m a yield of 4 grama, starting from 10 grams of ortho-veratrio aldehyde 

The demethylation of the methoxy groups in the 6, nitro-ortho-veratrlo 
aldehyde by the usual methods proved, however, to be exceedingly di ffi cult, 
only resinous produots being obtained in the attempts. 

An indirect solution of the problem was then sought in the preparation 
by Robertson and Cantor’s method [J C 8 ,1932,1181) of the corresponding 
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nitro-2, 3, dimethoxy-oinnamio acid from (IV), and the oompanson of the 
resulting prodnot with that obtained from 6, nitro-ortho-veratno aldehyde 

(vni). 

This was done, but the products obtained by the two methods were 
found to be different While the 6, nitro-2, 3, dimethoxy-omnamio acid 
(XV), whioh was prepared m excellent yield from 0, mtro-ortho-veratrio 
aldehyde by heating with malornc acid and piperidine, melted at 220°, the 
isomeno nitro-2, 3, dimethoxy-omnamio aoid (XIV) prepared from (IV) melted 
at 140°. Although the possibility of these being stereoisomers of the cw- 
irans-type was not excluded, the difference between the two was presumed at 
first to be due to a difference m the position of the mtro-group, because the 
usual methods of conversion of cts-frans-isomers by illumination with sunlight, 
by subjecting to ultraviolet radiation, or by heat failed to bring about any 
perceptible change in the two nitro-cinnamic acids The presumption seemed, 
therefore, to be reasonable that the nitration of 8, methoxy-ooumann had led 
to the occupation by the mtro-group of the only remaining alternative position, 
viz position 7, m the ooumann ring 

It was hoped at first that a satisfactory proof of the validity of these 
conclusions could be obtained by preparing from this nitro-body, successively, 
the amino-, the hydroxy- and the methoxy-denvatives, the last-mentioned 
product being identifiable with the known Daphnetin dimethyl ether, m p 
110° (Ing Jahresbenchte, 1884, 1780), thus.— 



Unexpected experimental difficulties were again encountered here 
Attempts to replace the NHj-group by OH by diazotisation did not sucoeed, 
although the replacement by chlorine and bromine had previously been accom¬ 
plished with ease. The experimental details were modified in several ways 
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but without success, a high melting, amorphous and coloured product containing 
nitrogen and soluble m alkali being invariably obtamed The product is 
believed to be of the nature of a hydroxy-azo-ooumarin, but it was not examined 
further. A similar observation has been recorded by Bignelh (Qazx, 27, II, 
1899, 347-367) who experienced great difficulty in diazotising an amino-6, 
methoxy-coumarm 

The third method of attacking the problem which suggested itself was to 
prepare the 4, mtro-ortho-vamllin (XVI) and then to synthesise therefrom the 
7, nitro, 8, methoxy-ooumann (XVII) Tt is well known that aoylated phenolic 
groups generally have a dominant meta-orienting influence, as is illustrated 
by the familiar examples of substitutions in ortho- and para-alkyloxy-phenyl 
esters which aro completely controlled by the alkyloxy-group 

It was therefore considered possible to direct the mtro-group into the 4, 
position by starting not with ortho-vanillin, but with ortho-vamlhn acetate, 
thus:— 



(XVI) 


The nitration of ortho-vamlhn acetate proceeded smoothly when small 
quantities were used and the temperature was maintained low, yielding a 
mono-nitro product whioh was hydrolysed by alkali or even by standing in 
contact with water for a day, into a intro -ortho-vanillin, m p. 92°, (XVI), 
which was isomeric with but different from 6, mtro-ortho-vanilhn, m p 142° 

The methylation of this gave a low melting methyl ether whioh remained 
liquid at the ordinary room temperature (30°) and was quite distinct in pro¬ 
perties from 6, nitro- and 6, mtro-ortho-veratno aldehydes Moreover, it did 
not form an indigo derivative on treatment with acetone and alkali, which is a 
characteristic reaotion for 0, nitro-ortho-veratno aldehyde and other ortho- 
nitro-benzaldehydes 

It may be mentioned in this connection that Davies (J.C 8 ,1923, 1676) 
failed in his attempts to nitrate ortho-vanillin aoetate. It is probable that 
the failure was caused by his working with rather large quantities, for it has 
been observed that the nitration prooeeds smoothly only when small quantities 
(about 2-3 grams) were employed, whereas with larger quantities the process 
was difficult to control and oxidation as well as nitration oocurred 
simultaneously. By the usual method of condensation with malonio acid, 
the 4, mtro-ortho-vanillin methyl ether (XVH3) was converted into a cinnamic 
acid (XIX), m p 198°, whioh was found to be different from the two oinnamio 
acids obtained respectively from 6, and 6, nitro-ortho-veratno aldehydes (of. 
Rubenstein, loc cti ; Perkin and Robinson, loe, cii.). 
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The three possible isomeno mtro-2, 3, dunethoxy benzaldehydes and the 
corresponding omnamio acids have thus all been prepared:— 



(vni) 


OCH, 

O och 8 

CHO 

(VII) 


6, Nitro-o-l 


Veratno aldehyde 


5, 


Nitro-o- 


Veratno aldehyde 



CH-COOH 


(XV) 


NO, 


OCH 8 

Aoch, 

U r 


ICH = CH-COOH 


M P. 228° 
(IX) 


och 8 

no 2 /\och 8 




ICHO 


(xvni) 

4, Nitro-o- Veratric aldehyde 

OCH 8 

no/\och, 

IjcH * CH-COOH 
MP 198° 

(XIX) 


The 4, titro-ortho-vanillin was finally converted by the Knoevenagel 
reaction (ethyl malonate and piperidine) into 7, mtro-8, methoxy-coumarin-3, 
oarboxylio ester (XX), m p. 146, which was hydrolysed to the corresponding 
add (XXI), m.p 143°, and the'latter decarboxylated to 7, nitro-8, methoxy- 
coumarin (XVII), m.p 164°, whioh differed from the 6, nitro-8, methoxy- 
ooumarin (V), as well as from the 5 (t), mtro-8, methoxy-ooumarin (IV) 



660 B. B DBY & V. A KUTTi: THE NITRATION AND HALOGENATION 



It will be seen that all the possible laomeno monomtro-8, methoxy- 
ooumanns have been BynthosiBed, and the positions (6 and 7) of the mtro- 
group in two of these have been established beyond doubt There remains 
thus only one possible position, viz , position 6 for the rutro-group in the third 
compound, i e , that obtained by the direct nitration of 8, methoxy-ooumann 
The curious difference, however, between the 2, 3, dimethoxy-6, mtro- 
cmnamic aoid, m p 140° (XIV), obtamed from what is now known to be 6, 
nitro-8, methoxy-ooumann by Canter and Robertson’s method (foe cti) and 
that, mp 220° (XV), obtamed from 6, mtro-ortho-veratno aldehyde by 
Perkm’s process still remained to be explained In the light of the evidence 
adduced above, the difference could only be accounted for as one of stereo- 
isomerism, and this view has ultimately been proved to be correct by con¬ 
verting both of these mto the same derivatives Thus, on reduction with 
sodium amalgam, the two different nitro-2, 3-dimethoxy-cinnamio acids (m ps 
140° and 220°) were converted into the same 6, 6, dimethoxy-3, 4-dihydro- 
oarbostynl (XXII), mp 174°, the reaction proceeding in the following 
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Similarly, on a careful oxidation with potassium permanganate in cold sodium 
carbonate solution, both the cinnamic acids yielded the same aldehyde which 
was proved by the melting point and mixed melting point methods, and also 
by the formation of the indigo derivative to be 6, mtro-ortho-veratno aldehyde, 
thus — 



(Indigo-denvative) 


In the halogenation of 8, methoxy-coumann, too, the same influences 
are found to be at work as in nitration In oontrast with the usual rule of 
the halogen entering the pyrone ring in the first place and then the 6, and 
the 8 positions in the benzene ring, it is found that the direct halogenation of 
8-methoxy coumarin proceeds with substitution exclusively in the benzene 
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ring, not a trace of a pyrone-substitution product being detected by the usual 
reaction with boding alkali The position taken up by the halogen atoms was 
readdy fixed by the identity of the products with those obtained from 6, 
nitro, 8, methoxy-ooumann (IV) by reduction to the amine (X) followed by 
tho diazo-replacement of the ammo group by ohlorine and bromine atoms. 
The halogenation of 8, methoxy-ooumann prooeeds, therefore, similarly to 
nitration with the formation of 6, chloro- and bromo-compounds 

The influence of the 8, methoxyl group in controlling the entrance of a 
mtro-group or a halogen atom exclusively into position 6 m the coumann 
nng raises the interesting question of how a hydroxyl group in the same position 
(8) might influence these processes of substitution 

Bizzari (Qazz , 16, 1866, 34) claims to have prepared 8, hydroxy-coumarm 
as a crystalline substanco melting at 280°-286° by the condensation of oateohol 
and malic acid in the presenco of concentrated sulphurio acid Careful repeti¬ 
tion of the work faded to give the desired product, small amounts of a dark 
amorphous product, which could not be purified, being invariably obtained 
Tho desired compound (XXV) was, however, readdy prepared in a pure state 
from 8, methoxy-ooumann by domethylation with hydrobromio acid It 
melted sharply at 166° and was reconverted by methylation with methyl 
iodide and sdver oxide into the original compound, mp 89° Bizzan’s 
product, m p 280-286°, is, therefore, obviously not 8, hydroxy-ooumann 

A mono-mtro-produot melting at 222° could be obtained without difficulty 
from tho 8, hydroxy-coumarin by working at a low temperature (ice) and 
using a mixture of concentrated sulphuric acid and mtno acids. Methylation 
of this hydroxy mtro-coumann (XXVI) yielded a mtro-8, methoxy-coumann 
whioh melted at 166° It was thus found to be different from the nitration 
product of 8, methoxy-ooumann (IV) but identical with the 7, nitro-8, methoxy- 
coumann (XVII) prepared previously from 4, mtro-ortho-vanillin 



(XVII) 
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The interesting point that emerges from these studies is that the methoxy- 
and the hydroxy-groups m position 8 in the ooumarm nng direot a newly 
entering mtro-group to positions 5 and 7 respectively. 

Experimental 

8, meihoxy-coumarxn (I) 

The following conditions were worked out for obtaining the best yield of 
the coumarin • 

Ortho-vamlhn (20 g), freshly fused sodium acetate (16 g) and aoetic 
anhydride (35 g) were refluxed for 17 hours at 180 o -200° by heatmg m an 
electno bath The product of reaction was poured into crushed ice, when a 
semi-solid product separated The aqueous layer was decanted and the solid 
was washed with distilled water and quickly stirred with sodium hydroxide 
(20 o c of 5%) and filtered, the acidic intermediate product being taken up 
by the alkali (A) The residue was dissolved in alcohol (150 o o ), treated with 
nont oharcoal, boiled and concentrated to about a third of its volume, filtered 
and kept overnight m ice when 8, methoxy-ooumarin separated in needles 
After filtration, the residue was crystallised from water, when pure 8, methoxy- 
coumann was obtained The alcoholic filtrate was diluted with water and the 
oil which separated deposited crystals of 8, methoxy-oouraann on boiling with 
water, filtering and cooling The oil which romained was again boiled with the 
mother liquor, filtered and cooled and the process repeated till no more of 8, 
methoxy-ooumarin oould be separated M P. 89° Yield, 13 grams 

3, methoxy-2, hydroxy-annamtc acxd (II) 

The alkali solution (A), on acidification with dilute hydrochloric aoid, gave 
a voluminous precipitate It was filtered and dried. MP 176° Yield, 
1*5 grams 

0-1128 g of the acid gave 0 2657 g C0 8 and 0 0532 g H,0 
Found. C, 61-83; H, 5-24 per cent 
CxqHmO* requires C, 61-85, H, 5-15 per cent 

The methyl ester was prepared by saturating an absolute methanol solution 
of the acid (1 g) with dry HC1 gas White needles M P 106° Yield, 
0-8 gram. 

0*01101 g of the ester gave 0-2558 g C0 2 and 0 0598 g of water 
Found C, 63*25; H, 6 00 per cent 
CnH lt 0 4 requires 0, 63*46, H, 5 77 per cent 

8, meihoxy-coumarin 8, carboxylic ester. 

The method described by Robinson ( loc. ctt) was adopted with slight 
modifications for preparing this oompound 

7*5 grains of the pure crystallised compound, m p 96°, were obtained 
from 8 gr ams of ortho-vanillin, 12 grams of malonic ester and 10 drops of 
piperidine. 
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8, methoxy-coumann 3, carboxylic acid (III). 

The eater (2 g ) was refluxed with 2N sodium hydroxide (20 o o.) for one 
hour on the bare flame When the oily layerWl completely disappeared, the 
red solution was cooled and acidified with dilute HC1 The acid which separated 
crystallised as white needles from alcohol M P. 210° Yield, 1*9 grams 

Preparation of 8, methoxy-coumann by decarboxylation of 8, methoxy-coumann- 
3, carboxylic acid. 

8, methoxy-ooumann-3, carboxylic aoid (1 g ) was intimately mixed with 
a mixture of sand (2 g) and oopper powder (2 g) and heated on the bare 
flame until there was a copious evolution of white fumes The heating was 
then stopped and the reaction was allowed to complete by itself After the 
reaction mixture was allowed to cool, it was extracted with absolute alcohol 
and on removing the solvent by distillation, 8, methoxy-coumann was left 
as a residue On orystallising from water it melted sharply at 89° Yield, 
0-5 gram 

When used m large quantities, the reaotion was found to give nse to 
decomposition products thus reducing the yield considerably 

6, nitro-S, methoxy-coumann (IV) 

8, methoxy-coumann (10 g) was dissolved in glacial acetic acid (16 o o), 
and a mixture of fuming mtnc aoid (6 6 o o) and glacial aoetio acid (4 o c) 
was added drop by drop No rise in temperature was notioed but when 
concentrated sulphuric aoid (10 c o) was added drop by drop there was 
a gradual rise m temperature The mixture was cooled in running water 
The pale yellow solid which separated on standing was filtered, washed with 
plenty of water and dned M P 196-200° It was crystallised from glacial 
acetic acid from whioh it separated as long yellow needles M P 206° The 
mother liquor on pouring into water gave a further quantity of the nitrated 
product M P 206° Yield, 7 6 grams 

0 01664 g of the substanoe gave 0*92 o o of nitrogen at 33° and 768 mm 

Pound N, 6*23 per cent 

CioH 7 OftN requires N, 6-3 per cent 

0*0236 g of the substance gave 0*04669 g COj and 0*00666 g H s O 

Pound. C, 64*18, H, 3 1 per oent 

QtoHyOjN requires 0, 54*29, H, 3*16 per oent. 

5, ammo- 8, methoxy-coumann (X) 

A mixture of 5, mtro-8, methoxy-ooumarm (2*5 g), pure anhydrous 
stannous chloride (5 g ), granulated tin (6 g ), alcohol (5 o.o.) and concentrated 
HC1 (26 o o.) was kept overnight in a stoppered bottle at the room temperature 
The next day the reaotion mixture was shaken in the meohamoal shaker 
for 6 hours. The yellow solid was then allowed to settle, filtered, washed 
with distilled water and dried on a porous plate in the vacuum desiccator. 
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It was mixed Intimately with double the quantity by weight of a mixture of 
anhydrous sodium carbonate and crystallised sodium acetate, and extracted 
with benzene in a Soxhlet apparatus The solid left behind on distilling off the 
solvent was crystallised from alcohol which deposited yellow needles M P 
166° Yield, 0*95 gram 

0 1074 g. of the substance gave 6 58 c o of nitrogen at 33° and 766*6 mm 
Found: N, 6*92 per cent. 

C 10 HgO 8 N requires N, 7*31 per oent. 

The acetyl derivative was obtained by rubbing the amine with aoetio 
anhydride, adding a little ice water and recrystallising the product from alcohol 
MP 265°. 

0 02047 g of the substance gave 1-2937 o o of nitrogen at 34° and 700-5 mm 
Found. N, 6 14 per oent 
C 18 H n 0 4 N requires N, 6-0 per oent. 

The hydrochloride was prepared by dissolving the amme in hot concentrated 
HC1 and allowing it to cool gradually Long noedle-shaped orystals of the 
hydroohlonde separated. M P 205° 

0 1920 g of the substance gave 0 1194 g. of AgCl 
Found. Cl, 15-39 per cent 
C 10 H g O*ClN requires Cl, 15 07 per cent 

The pxcrate, obtained in the usual way by dissolving the amine in HC1 
by warming and adding a cold saturated solution of piono acid, crystallised 
from aloohol as yellow rectangular plates M P 179-180° 

0*02346 g of the Bubstance gave 2-74 o o of nitrogen at 31° and 702 mm 
Found N, 13 2 per cent 
C w H lt Oi 0 N 4 requires N, 13-33 per cent. 


5, chloro- 8, methoxy-coumann 

A solution of 5, ammo-8, methoxy-coumann (2 g) in 4N HC1 (20 o.o.) 
was cooled to 0° in ice and diazotised with a solution of sodium mtnte (*7 g ) 
in water (10 c.o.). After standing in the ice-bath for half an hour, the oold 
diazotised solution was added from a separating funnel to an ice oold solution 
of cuprous ohloride (2'2 g.) in strong HCl (15 o.o ) The mixture was stirred 
for a few minutes and then gradually heated on the water-bath until effer¬ 
vescence ceased The precipitate obtained on cooling was filtered, washed 
with N/10 sodium hydroxide and water, dried and extracted with the minimum 
quantity of boiling aloohol The alcoholio solution on oooling gave white 
silky needles. M.P. 182° Yield, 1-2 grams 

0-2014 g. of the substance gave 0-1352 g of AgCl 
Found: Cl, 16-62 per oent. 

CjoHjOaCl requires Cl, 10*87 per cent. 
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5, bromo-8, methoxy-coumann 

A solution of 5, anuno-8, m ethoxy - coumarin (2 g ) in HBr (20 o o ) was 
cooled to 0° and diazotised with a cold solution of sodium nitnte (*7 g) in 
water (10 o o ) After standing for half an hour, the oold diazotised solution 
was added from a separating funnel to an ice-oold solution of cuprous bromide 
(2 g) m HBr (15 o o) The mixture was stirred for some tune and then 
gradually warmed on the water-bath until effervescence ceased The pre¬ 
cipitate obtained on cooling was filtered, dned and extracted with alcohol. 
The solvent was distilled off and the residue crystallised from alcohol as 
rhombio plates M P 166° Yield, *8 gram 

0*2133 g of the substance gave 0*1582 g of AgBr. 

Found Br, 31*56 per cent 

C 10 H 7 O 8 Br requires Br, 31*35 per cent 

5, cyano-8, methoxy-coumann 

This compound was prepared by treating the diazotised amine (4 g) 
with a solution of cuprous oyanide (KCN, 4 g , crystallised oopper sulphate 
3*5 g , and water 20 o.c ) at 50° The mixture was heated at 100° for an hour 
The solid collected was extracted repeatedly with boiling rectified spirit The 
solvent was distilled off and two crystallisations of the residue from aloohol 
furnished the oyano oompound as fine colourless needles M P 175° Yield, 
1*1 grams 

0*1030 g. of the substanoe gave 5*6 c o. of nitrogen at 31° and 766*5 mm. 

Found: N, 6*05 per oent. 

ChH 7 0 8 N requires N, 6*915 per cent. 

Quinaldtno- 7, 8-oc, pyrone (XII) 

A mixture of 5, ammo-8, methoxy-ooumann (4 g) and fuming HC1 
(2*5 c o ) was cooled in ioe, saturated with HC1 and left overnight. The dark 
viscous product was heated on an oil-bath for 3 hours to a temperature of 
130-140°. It was cooled and extracted with small quantities of boiling water. 
The combined extracts were oooled m ice and made alkaline with sodium 
bicarbonate. The yellow flocoulent precipitate was filtered and dned This 
was dissolved in boiling water and a few drops of aloohol The solution on 
oooling gave a white precipitate which was filtered and dried It separated 
from aloohol as white crystals M P 217*218°. Yield, 0*19 gram. 

0*02459 g of the substanoe gave 1*18 o o. of nitrogen at 760 mm. and 
at 30°C. 

Found: N, 6*04 per cent. 

CuHnOsN requires N, 5*81 per oent. 

Attempts to oxidise the 5, nOro-8, mcthoxy-coumarin. 

6, nitro-8, methoxy-ooumarin (2 g.) was dissolved in the minimum amount 
of caustic soda (N/10). Normal aqueous permanganate was added to the 
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solution with .vigorous shaking after each addition. The permanganate was 
reduced rapidly The solution was wanned on the water-bath and the addition 
of the permanganate was contmued until a permanent pink colour was noticed 
The solution was filtered from manganese dioxide and the filtrate was cleared 
by passing sulphur dioxide Nothing separated out even on concentrating 
the solution It was evaporated completely to dryness and extracted first 
with aloohol and then with benzene Nothing was taken up by either benzene 
or aloohol. The same experiment was repeated in the cold, sulphur dioxide 
being passed without the precipitate of manganese dioxide being filtered off 
The white solid whioh separated out completely dissolved on boiling with 
concentrated HC1 and on cooling the dear solution a white crystalline substance 
melting at 106° was obtained. This substance was identified as oxalio acid. 
Yield, 1 9 grams 

The mother liquor was evaporated to dryness and extracted with both 
aloohol and benzene, but on distillation of the solvent no residue was left 

The same oxidation was carried out in aoetone medium but without 
success 


Action of alkali on 5, rwfro-8, methoxy-coumann 

6, mtro-8, methoxy-coumann (1 g) was dissolved m sodium hydroxide 
(20 o o) and boiled for half an hour The red solution on acidification gave 
the unchanged material melting at 206°. 

0, nitro- 2, 3, dimethoxy-cinnamic acid (XIV) 

For the preparation of this compound the method adopted by Robertson 
and Cantor {foe. cut ) was employed 

6, mtro-8, methoxy-ooumann (4 g ) in methanol (30 o o ) and 20% sodium 
hyroxide (20 o.c ) was refluxed till the fission of the pyrone ring was complete 
as shown by the dear liquid not giving any precipitate on dilution The warm 
solution was agitated with methyl sulphate (80 g ) and 20% sodium hydroxide 
(16 o.o). The reaotion mixture was kept undisturbed and allowed to cool. 
It was filtered from mechanical impurities and acidified with dilute HC1 The 
greyish precipitate was filtered, dried and crystallised from alcohol. Pale 
yellow needles. MP 140°. Yield, 4 grams 

0*1004 g of the acid gave 6 o o. of nitrogen at 31°C and 766 26 mm 

Found: N, 6*62 per oent. 

ChHhOjN requires N, 6*64 per cent. 

The silver salt of the acid was prepared and analysed. 0*1860 g of the 
silver salt gave on ignition 0*0660 g. of silver The equivalent weight of the 
. aoid « 268*08. 

CiiHuOiN requires M W, 263 
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Actum of sunlight on the cinnamtc actd 

The cinnamic acid (0-6 g.) was dissolved in chloroform and exposed to 
direot sunlight in a quartz flask for 12 hours. On removing the solvent, the 
ur changed acid was recovered 

Effect of heat on the ctnnamtc actd. 

The cinnamio acid (0*1 g) was heated in a test tube m a sulphuric acid* 
bath to 100°. The acid melted and was kept at this temperature for an hour 
On cooling, the solidified product was scraped off and crystallised from glacial 
acetic acid M P 140° Thus only unchanged material was recovered 

5, nttro-ortho-mnxlitn (VI) 

Ortho-vanillin (30 g) was dissolved m glacial acetio acid (120 c c) and 
concentrated mtno acid (16 o o) was added drop by drop The reaction 
mixture was well cooled by means of ice and salt There was considerable 
evolution of heat, but the temperature was always kept below 6°. The yellow 
nitrated product which separated on standing was filtered, washed well with 
water, and crystallised from glacial acetio acid The mother liquor on the 
addition of water gave a further quantity of the 6, mtro-ortho-vamlhn whioh 
separated from glacial acetio acid as long yellow needles. M.P 142° Yield, 
31*6 grams. 

6, nitro-8, methoxy-coumann (V) 

6, mtro-ortho-vamlhn (12 g), pure acetio anhydride (18 g) and freshly 
fused sodium acetate (8 g ) were refluxed continuously for 17 hours at a 
temperature of 180-200° with the exclusion of moisture The dear liquid 
was poured into orushed ice and the solid collected was filtered, washed with 
water and 6% sodium bicarbonate and finally with ether. Two crystallisations 
from glacial acetio aoid furnished faintly brown needle-shaped crystals of 6, 
nitro-8, methoxy-coumann melting at 203° Yield, 6*6 grams. 

0*03239 g of the substance gave 1-83768 g. of nitrogen at 34° and 760 mm. 
Found. N, 6*46 per oent. 

CjjHyOsN requires N, 6*3 per cent 

0*01666 g of the substanoe gave 0-03106 g CO* and 0*00437 g. H t O, 
Found* C, 64-12; H, 3*10 per cent. 

C 10 H 7 O#N requires C, 64*29; H, 3*16 per oent. 

6, ammo-8, methoxy-coumarin (XI). 

6, nitro-8, methoxy-coumarin (2*5 g) was mixed well with anhydrous 
stannouB chloride (5 g), granulated tin (5 g.), alcohol (5 o.c.) and concentrated 
HC1 (25 o.o.) and kept overnight in a stoppered bottle at the room temperature. 
The next day it wa^ehaken in the mechamoal stirrer for 6 hours. The solid 
was allowed to settle, filtered and washed well with distilled water. It was 
dried on a porous plate in a vacuum desiccator. The solid weighing nearly 
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8*5 g. was intimately mixed with crystalline sodium acetate (7 g) and anhydrous 
sodium carbonate (7 g ) and extracted with chloroform in a Soxhlet apparatus. 
The solvent was distilled off and the residuo of yellow solid crystallised from 
dilute aloohol M.P 167° Yield, 1 1 grams 

0*01095 g of the substance gave 0 68 c c of nitrogen at 34° and 762 mm. 
Found N, 6*96 per cent 
C 10 H a O 3 N requires N, 7 3 per cent 

The acetyl derivative was prepared by rubbing the 6, ammo-8, methoxy- 
ooumarm with acetic anhydride and pouring on to crushed ice M P 241° 

0 02135 g of the substance gavo 1*15 c o of mtrogou at 34° and 762 mm. 
Found N, 6 0 per cent 
Ci2H n 0 4 N requires N, 6 0 per cent 

The ptcrcUe was prepared by dissolving the ammo m warm, dilute HC1 
and adding a cold saturated solution of picric acid It crystallised from 
aloohol as long yellow needles M P 228° 

0*01665 g of the substance gave 1 86 c c of mtrogen at 32° and 763 mm. 

Found. N, 13 42 per cent 

C I6 H 12 0 JO N 4 requires N, 13*33 per cent 

The hydrochloride was obtained as yollow needles M P 266° 

0*3339 g of the substance gavo 0 2134 g of AgCl 
Found. Cl, 15 82 per cent. 

C lo H 0 O 3 GN requires G, 16 67 per cent 

6, chloro- 8, methoxy-coumann. 

6, ammo-8, methoxy-couraarin (2 g ) in 4N HG (20 o c ) was cooled to 0° 
and diazotised with a solution of sodium nitrite (*7 g ) in water (10 o c ) After 
standing in the ice-bath for half an hour the cold solution was added from a 
separating funnel to an ice-cooled solution of cuprous ohlondo (2 2 g ) in strong 
HG (15 o o ) The mixture was stirred for a few minutes and thon gradually 
heated on the water-bath until effervescence ceased The precipitate obtained 
on cooling was filtered, washed with N/10 sodium hydroxide, and then with 
water, dried and extracted with the minimum quantity of boiling alcohol. 
On dist illing off the solvent, the chloro compound separated as pale yellow 
needles M P 121-122° 

0*2267 g of the substance gave 0 1562 g of AgCl 
Found G, 16 93 per cent. 

C 10 H 7 O 8 G requires G, 16 87 per cent 

6, bromo-S, methoxy-coumann 

A well-cooled solution of 6, ammo-8, methoxy-coumann (2 g.) in HBr 
(20 o.o.) was diazotised with a cold solution of sodium nitrite (*7 g.) in water 
(10 o.o.) After an hour, the cold solution was added from a dropping fu nne l 
to an ioe-oooled solution of cuprous bromide (2 g.) in HBr (15 o.o.). The 

5 
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mixture was stirred for some tune and then gradually warmed on the water- 
bath until effervescence ceased The precipitate obtained on cooling was 
filtered, dried and extracted with alcohol The solvent was distilled off and 
the residue, on crystallisation from alcohol, gave pale brown needles of the 
bromo compound MP 115° 

0*2910 g of the substance gave 0*2136 g of AgBr 
Found. Br, 31 21 per cent 
C 10 H 7 O 8 Br requires Br, 31*36 per cent 

Qutnaldino-ft, 5-x-pyrone (XIII) 

A mixture of 6, ammo-8, methoxy-coumann (1 g ), fuming HC1 (2*6 c c ) 
and paraldehyde (2 o o ) was cooled in ice, saturated with dry HC1 gas and 
left overnight Noxt morning the dark viscous liquid was heated in an oil- 
bath to a temperature of 130°-140° for 3 hours The solid was crushed and 
extracted with boiling water, cooled in ice and made alkaline with solid sodium 
bicarbonate The yellow precipitate whioh separated was crystallised from 
hot dilute alcohol M P 237° Yield, *3 gram 

0*03266 g of the substance gave 1*66 c c of mtrogen at a temperature 
of 33° and 762 6 mm 

Found N, 6*7 per cent. 

Ci 4 H n 0 8 N requires N, 6*8 per cent 

6, nxtro-2, 3, dimethoxy-benzaldehyde (VII) 

6, nitro-ortho-vamllm was not oonvemently methylated by means of 
methyl Bulphate and alkali or methyl iodide and alkali In both cases the 
unreaoted product was recovered The methylation was best earned out by 
the application of Purdie’s method 

6, mtro-ortho-vamllm (7 4 g ) dissolved m a mixture of methyl iodide 
(6 c o ) and ohloroform (30 c c ) was boiled with finely powdered silver oxide 
(7 g ) for 3 hours The inorganic matter was filtered off and most of the solvent 
removed when the methylated product separated This was crystallised from 
methyl alcohol. MP 116° Yield, 4-6 grams 

6, rniro-2, 3, dimethozy-cinnamic acid (IX) 

The following method was found to give a better yield than the one 
employed by Rubenstein (loc eit .): 

A mixture of 6, mtro-ortho-veratraldehyde (6 g), malomo acid (0 g.), 
pyridine (10 o.o.) and piperidine (8 drops) was refluxed on the water-bath 
for 2 hours There was copious evolution of carbon dioxide. The mixture 
was afterwards heated on the free flame for 10 minutes The reaction mixture 
was allowed to attain the room temperature, poured into ice water and the 
excess of pyndine was fixed by means of dilute HC1. The voluminous white 
precipitate whioh melted at 224°-226° was orystalhBed from glacial aoetio add. 
M.P. 228°. Yield, 4*2 grams. 

5» 
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The ethyl -ester was prepared by dissolving the above acid (1 g ) in absolute 
aloohol (20 o c ) and saturating with a stream of dry HC1 gas The solution 
was kept overnight corked in a flask The crystals which separated on {touring 
the liquid into water were collected and dried M P 111 0 

2, 3, dimethoxy-benzaldehyde 

In a three-necked flask a mixture of ortho -vanillin (91 g) and water 
(226 o c ) were heated on the steam-bath and a solution of sodium hydroxide 
(90 g) in water (180 c o) was heated to about 100° and added in one 
lot to the hot mixture of ortho-vanillm and water The flask was now fitted 
with a reflux condenser, a mechanical stirrer and a separating funnel Heating 
was continued on the water-bath, and dimethyl sulphate (94 g) was added 
through a separating funnel ]ust rapidly enough to maintain ebullition which 
started after the addition of the first 10-16 o c After the addition of all 
the dimethyl sulphate, which required about throe-quartois of an hour, was 
over, the reaction mixture was heated for 46 minutes longer and an additional 
portion of dnnothyl sulphate (20 g ) was added at the same rate as the first 
portion At the end of this addition the reaction mixture showed an acid 
reaction to litmus After ten minutes’ heating the reaction mixture was 
rendered alkaline by tho addition of the same solution of sodium hydroxide 
(30 c c ), and another portion of dimethyl sulphate (20 g ) added The alternate 
addition of sodium hydroxide solution and of dimethyl sulphate was ropoated 
until a total quantity of 172 grams of dimethyl sulphato had been added The 
reaction mixture was finally made alkaline by the addition of 76 c c of sodium 
hydroxide and hoated for 20 minutes On cooling rapidly, tho ortho-veratrio 
aldehyde separated as a solid Yield, 96 grams 

Nitration of 2, 3, dimethoxy-benzaldehyde (cf Davies, loc cit ). 

2,3, dimethoxy-benzaldehyde (16 g ) was dissolved m the requisite amount 
of glacial noetic acid and 20 o c of concentrated nitric acid (D, 1 4) was added 
drop by drop No nse of temperature was noticed but a definite reaction took 
place only when the mixture was heated on the water-bath for about 10 minutes 
On standing for half an hour, the nitrated product, which was a mixture of 
6, and 6, mtro-2, 3-dimethoxy-benzaldehydes, separated out M P 88° Yield, 
16 grams 

The separation of 6, nttro-2, 3, dimethoxy-benzaldehyde from the mixture of 6, and 
6, mtro-2, 3, dimethoxy-bemaldehydes (of Perkin, loc at ) 

The mixture of 6, and 6, mtro-2, 3, dimethoxy-benzaldehydes (21*1 g) 
was heated with para-toluidine (10*7 g) on the steam-bath until water was 
seen to separate Sufficient aloohol was then added and the mixture heated 
until oomplete solution occurred On cooling, 6, nitro-2, 3, dimethoxy- 
benzy hdine-p-toulidil separated first and then the 6, nitro-derivative These 
substanoes oould be completely purified by careful fractional crystallisation 
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from alcohol The 6, nitro-2, 3, dimethoxy-benzylidme-p-toulidil melted 
at 143° as distinct from the 6, mtro-denvative which melted at 104° By 
the hydrolysis of these derivatives by means of hot concentrated HC1, the 
corresponding aldehydes were obtained in quantitative yields The 6, rntro-2, 
3, dimethoxy-benzaldehyde melted at 110° whereas the 6, mtro-2,3, dimethoxy. 
benzaldehyde melted at 115° The ounous observation was made that a 
mixture of the two in about equal amounts moltod sharply at 88° 

Attempts to obtain the 6, mtro-ortho-vaniUin by the demethylahon of 6, 
nitro-ortho-veratnc aldehyde, both by the method of heating in glacial aoetic 
acid solution with (a) HBr and (6) anhydrous aluminium chloride, ended in 
failure Only unpunfiable brown, resinous products were obtained 

Similarly, attempts to close the ooumann rmg by heating the ethyl ester 
of 6, nitro-2, 3, dimethoxy-cmnamic acid by means of hydriodic acid were 
also unsuccessful The dark tarry residue was washed with sulphurous acid 
when it beoamo lighter in colour but it could not be obtamed m a pure 
crystalline state 

2, benzene-sulphonyl-^, methoxy-benzaldehyde (of Rupp and Lmck, loc ctt ) 

Ortho-vanillin (10 g ) was treated with a 16% solution of sodium hydroxide 
(30 c c ) and benzone sulphonyl chloride (14 g ), and the mixture shaken in a 
mechanical shaker for one hour The roaotion product was then poured into 
water when the benzene-sulphonyl-dorivative separated as a white Bohd It 
crystallised from alcohol m colourless glistomng plates M P 121° Yield, 
10-6 grams 

6, nttro-2, benzene sulphonyl-3, methoxy-benzaldehyde (of Davies, loc cit ) 

The benzene sulphonvl derivative (1 g ) was dissolved in fuming mtno 
acid (20 c c ) The temperature was not allowed to rise above 0° by keeping 
the solution m an ice-bath After 10 minutes it was poured mto water when 
the benzene sulphonyl 6, mtro-denvative separated as a white solid It 
crystallised from rectified spirit as pale yellow needles M P 146° 

Several attempts were made to remove the benzene sulphonyl group m 
this derivative, by hydrolysis with (a) concentrated hydrochlono acid and (6) 
oaustio alkali, but m all cases the experiments failed to give the desired 6, 
nitro-ortho-vanillin, the benzene sulphonyl denvative being apparently 
decomposed in the process Again, on condensing the same 6, mtro-3, 
methoxy-2, benzone sulphoxy-benzaldehyde with malonio acid in the presence 
of pyridine and piperidine, refluxing for 2 hours, pouring mto water and 
acidifying with HC1, a brown neutral product was obtained which could not 
be purified by crystallisation 

6, nitro-2, 3, dimethoxy-cmnamic acid (m p 220°) (XY) 

6, mtro-2, 3, dimethoxy-benzaldehyde (7*6 g) was mixed with malonio 
aoid (4*3 g), pyndme (10 o o ) and piperidine (0*1 o o ) and was heated on the 
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water-bath for about 2 hours and finally on the sand-bath for 16 minutes, 
after which it was poured into ice-cold dilute hydrochloric acid and stirred 
The solid was ground well with a solution of sodium carbonate and filtered 
The filtrato on acidification doposifced 6, mtro-2, 3, dimothoxy-cm nami o acid 
whioh came down as long needles on crystallisation from alcohol M P. 220°. 
Yield, 1 6 grams. 

Action of sunlight on 6, mtro-2, 3, dimethoxy-cinnamic acid 

The cinnamio acid (1 g ) in benzene (10 c c ) was exposed to sunlight in a 
quartz flask for 12 hours On removing the solvent the unchanged material 
melting at 220° was recovered 

Action of heat on 6, nxtro-2, 3, dimeihoxy-cmnamic acid 

The cinnamio acid was heated at 240° in a test tubo m a sulphuric acid 
bath, and the molten substance kept at this temperature for an hour The 
produot was found to bo unchanged material meltmg at 220° 

Acetylation of ortho-vanillin (of Rupp and Baeyer, loc at) 

Ortho-vamlhn (10 g ) was dissolved m a mixturo of acetic anhydride (7 6 g.) 
and pyndine (10 g ) and kept undisturbed at the room temperature for 24 hours 
On diluting with water, the acetyl derivative separated in transparent leaflets. 
M P. 76° Yield, 11 6 grams 

4, mtro-ortho-vaniUm (XVI) 

Careful nitration of ortho-vanillin acetate in small quantities at a time 
yielded a mixture of the 4, and the 6, mtro-ortho-vamlluis A senes of expen- 
ments conducted for this purpose led to tho working out of the following ideal 
conditions for obtaining the best yield of the mtro compounds 

To a mixture of 10 o o of fuming rutno acid (D = 1 40) and 2 o o of 
concentrated sulphuric acid, cooled to —6°C., was added 3 grams of finely 
powdered ortho-vamlhn acetate, in small quantities at a time, with brisk 
mechanical stirring During the addition which lasted from 20 to 30 minutes, 
the temperature was maintained below 0°C. and the stirring continued for 
another 16 minutes The reaction mixture was then poured into 20 grams of 
crushed loe when a viscous oil separated at the bottom whioh was extracted 
thnee with 20 o c of benzene each time The benzene layers were combined, 
washed twice with ice-cold water and then shaken up with 6% ice-cold sodium 
bicarbonate solution till the washings were alkaline, and again washed twice 
with ice-cold water The benzene was distilled off and the brown oily residue 
heated to boiling with 20 c o. of 2% NaOH, cooled and acidified with hydro- 
ohloric acid The separating yellowish brown solid was a mixture of 4, and 6, 
nitro-ortho-vaniHms It was filtered, washed and dissolved in the minimum 



664 B. B. DEY & V. A KUTTI. THE NITRATION AND HALOGBNATION 


quantity of hot glacial ooetic acid. Long yellow needles of 4, mtro-ortho- 
vanillm separated out first M P 92-93° Yield, 1*10 grams 

The 6-mtro-ortho-vanillin comes down from the filtrate on careful dilution 
MP 71-72° Yield, 0-36 gram 

0*0914 g of the 4, mtro-ortho-vamlhn (m p 92-93°) gave 6 c c of 
nitrogen at 30°C. and at 762 mm 
Found N, 7 26 per cent 
C 8 H 7 0 bN requires N, 7*11 per cent 

Acetio aoid is found to be a better solvent than alcohol for this separation 
of the 4, and 6, mtro-derivatives 

The 6, nitro-compound gives a dark red solution with feme chloride and 
forms a low melting acetyl derivative A little was warmed with acetone 
and the solution poured m a thin stream into ddute potassium hydroxide 
solution whon a dark blue colour was produced showmg that the nitro-group 
was m the ortho-position to the aldehyde group 

7, nitro-8, methoxy-coumann 3, carboxylic ester (XX) 

4, mtro-ortho-vamlhn (2 g ), malomo ester (3 g ) and pipendme (4 drops) 
were heated on the water-bath for 15 minutes and kept overnight tightly corked 
in a flask A brown semi solid mass separated the next day on pouring the 
reaction product into water containing dilute HC1 On washing with dilute 
alcohol a pale yellow solid was obtamed which crystallised from alcohol as 
long needles M P 146° Yield, 1 gram 

0*03415 g of the substance gave 1*45 o o of nitrogen at 32° and 760 mm 
Found N, 4 8 per cent 
Ci 8 H n 0 7 N requires N, 4*7 per cent 

7, nitro-8, methoxy-coumann 3, carboxylic acid (XXI). 

The ester (1 g) was hydrolysed with 2N sodium hydroxide (8 o o) by 
refluxing for half an hour on the water-bath The red solution was filtered 
from mechanical impurities, cooled and acidified The voluminous precipitate 
was filtered, dried and crystallised from glaoial acetic acid MP 146° Yield, 
0*9 gram 

0*01376 g of the substance gave 0*63 o o of nitrogen at 33° and 764 mm 
Found. N, 5*11 per oent 
C n H 7 0 7 N requires N, 5*29 per cent. 

7, nitro-8, methoxy-coumann (XVII) 

7, nitro-8, methoxy-ooumarin 3, carboxylic acid (1 g) was intimately 
mixed with copper powder (2 g) and washed fine sand (2 g.) and heated directly 
on the flame until white fumes evolved copiously when the heating was stopped 
and the reaction allowed to complete itself The oold mass was extracted 
with absolute alcohol whioh left on evaporation a pale brown solid, This was 
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washed with dilute bicarbonate solutior and then crystallised twioe from dilute 
alcohol Short thick needles M P 164-66° Yield, 0 6 gram 

0*01345 g of the substance gave 0 74 o c of nitrogen at 33° and 760 mm 
Found. N, 6*2 per cent 
Ci 0 H 7 O 6 N requires N, 6*3 per cent 

6, mtro-2, 3, dvmethoxy benzcddehyde (By oxidation of 6, nxtro-2, 3, dtmethoxy - 
ctnnamtc acid) 

6, mtro-2, 3, dimethoxy-cmnamic aoid (1 g) prepared from 5, mtro-8, 
methoxy-coumann by Robertson’s method was suspended in water (40 o c ) 
and a little sodium carbonate solution (2 o o) was added and stirred until it 
went into solution The solution was taken m a separating funnel, mixed 
with benzene (100 o c ) and treated with a cold solution of potassium per¬ 
manganate (l 48 g m 26 o o of water), the mixture bemg vigorously shaken 
and cooled after each addition When the addition of potassium permanganate 
was completed the mixture was allowed to remain for a few minutes, then 
filtered and the precipitate of manganese dioxide washed with benzene The 
benzene layer was separated from the aqueous layer, dried over sodium sulphate 
and the solvent removed by distillation when a brownish residue was left 
behind On crystallisation from a mixture of benzene and ligroin it melted 
sharply at 110° It gave the expected indigo derivative with acetone and 
sodium hydroxide and was finally identified with an authentic specimen of 6, 
nitro-2, 3-dimethoxy-benzaldehyde by a mixed melting point determination 
0 01334 g. of the substance gave 0*78 c c of nitrogen at 33° and 762 mm 
Found. N, 6*67 per cent 
CflH 0 O fi N requires N, 6 63 per cent. 

5, 6, dtmethoxy- 3, 4, dthydro-carboatynl (XXII) 

The acid m p 140° (1 g) was dissolved in the mmimum amount of 
2N sodium hydroxide and reduced by means of 4% sodium amalgam (30 g. 
of mercury and 1 2 g. of sodium) The addition of sodium amalgam was so 
adjusted as not to produce much heat during the process The solution 
was kept just alkaline by the addition of acetic acid to neutralise the excess 
of alkali formed and kept undisturbed for an hour The mercury was tapped 
off and the solution acidified with acetic acid As no precipitate was formed, 
the s ol ut io n was extracted thnoe with ether, the ethereal extract dried over 
sodium sulphate and the ether distilled off The oily residue that was left 
behind solidified on cooling in ice and rubbing with a rod After w ashin g 
with dilute sodium carbonate and crystallising from alcohol, pale brown 
crystals, m p. 173°, were obtained Yield, 0*46 gram The crystals dissolved 
in dilute HC1 and were reprecipitated by ammonia 

0*01880 g. of the substance gave 1*166 o c of nitrogen at 35° and 769 mm, 
Found: N, 6*71 per cent. 

CuH 1# OjN requires N, 6*77 per cent. 
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5, 6, dimethoxy- 3, 4, dihydro-carbostynl. (From dtmethoxy-ctnnamus actd, m p. 

220®, (XV), prepared from 6, ntiro-ortho-veratnc aldehyde ) 

6, nitro-2, 3, dimethoxy-cinnamio acid, m p 220°, (1*6 g) was dissolved 
in 2N sodium hydroxide (20 c o) and treated with 4% sodium amalgam m 
the same way as in the previous case The reaction mixture was kept faintly 
alkaline by the addition of acid from time to time After addition was com* 
plete, the reaction mixture was allowed to stand for an hour, the mercury 
was tapped off, and the aqueous layer filtered from the precipitate formed The 
preoipitate crystallised from alcohol m shining plates melting at 174® The 
alkaline filtrate was made just acidic, basified again with ammonia and 
evaporated to dryness The dried mass on extraction with alcohol gave some 
more of the carbostynl Total yield, 1 1 grams This gave no depression m 
melting point when mixed with a specimen of the previous produot preparod 
by the reduction of the isomeno 6, nitro-2, 3, dimethoxy-cinnamio acid 
MP. 140° 

0*016 g. of the substance gave 0-00683 g of carbon dioxide and 0 0273 g. 
of water. 

Found: C, 63 1; H, 6-1 per cent 
CiiH 13 OsN requires C, 63 2; H, 6-2 per oont. 

Halogenatton of 8, melhoxy-coumarxn. 

6) chbro-S, methoxy-coumann 


OMe O 



8, methoxy-ooumann (2 g ) was dissolved in glaoial acetic acid (20 o c ) 
and ohlonne gas from a cylinder was passed mto the solution There was 
considerable evolution of heat. After some tune crystals of 6, chloro-8, 
methoxy-ooumann began to separate. It was filtered and dried M P 182°. 
Yield, 1-8 grams. 

The melting point was not depressed when mixed with a specimen of 6, 
ohloro-8, methoxy-ooumann obtained from 6, mtro-8, methoxy-ooumann by 
reduction, diaaotisation and replacement of the diazo group by chlorine. 

6, bromo- 8, methoxy-coumann. 


OMe O 
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8, methoxy-ooumann (1 g ) was dissolved in glacial aoetic aoid (20 o o.) 
and bromine (1*1 o c ) in acetic acid (10 c c ) was added drop by drop There 
was considerable heat evolved accompanied by the evolution of HBr gas After 
standing for 16 minutes and cooling m ice, the 5, bromo-8, methoxy-ooumann 
was collected and crystallised from acetic acid M P 167° No depression 
in this melting point was observed on admixture with a specimen of 6, bromo-8, 
methoxy-ooumann prepared from 6, mtro-8, methoxy-ooumann by reduction, 
diazotisation and replacement of the diazo group by bromine. 


Nxtratxon of 8, hydroxy-coumann 
8, hydroxy-coumann (XXV) 

8, methoxy-ooumann (8 8 g) in glacial acetic acid (26 o c) was mixed 
with hydrobromic acid (2 7 c c ) (D = 1 5) and refluxed for 6 hours The 
product of reaction was diluted with water (26 c o ) and just neutralised with 
sodium bicarbonate solution The hydroxy compound which separated was 
filtered, and crystallised from boiling water Clusters of fine needles M P 
166° The neutral mother liquor on evaporation to dryness and extraction 
with absolute alcohol gave some more of the hydroxy compound Yield, 
7 grams 

0*03606 g of the substance gave 0 08649 g of carbon dioxide and 0*0112 g 
of water 

Found C, 66 5; H, 3*66 per cent 

C 9 H e 0 8 requires C, 66 6, H, 3 6 per cent 

Attempts to synthesise 8, hydroxy-coumann from oateohol and malic 
aoid by the method given by Bizzan ( loc cut ) were unsuccessful 

8, hydroxy-1, nttro-coumarin (XXVI) 

8, hydroxy-coumann (1 1 g ) was added to a mixture of concentrated 
mtno aoid (1*2 o o ) and concentrated sulphuric acid (1*2 o c ), the temperature 
being kept within a range of 0-6° by keeping it m an ice-bath After the 
addition was completed the reaction mixture was kept at the same temperature 
for an hour with stirring and the pasty mass then thrown into water. The 
nitrated product which separated was washed with water and 6% sodium 
bicarbonate solution (10 o o), filtered, dned and orystalhsed from glacial 
aoetic aoid. Yellow plates melting at 224° 

0*0204 g. of the substance gave 1 19 o c of nitrogen at 33° and 762 mm. 

Found: N, 6*62 per cent 

C^HbObN requires N, 6 76 per cent. 

8, methoxy- 7, ntiro-coumarin. 

8, hydroxy-7, mtro-ooumann (0 2 g ) was suspended in dried ohloroform 
(20 o.o.) containing freshly precipitated silver oxide (0*2 g.) also in suspension 
and methyl iodide (2 c c.) The mixture was refluxed for 2 hours and filtered 

6 
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hot. The filtrate, on evaporation, deposited 7, nitro- 8 , methoxy-coumarin 
whioh crystallised from alcohol in needles melting at 164°. From the silver 
oxide residue a small quantity of the unreaoted hydroxy-compound was 
recovered. 7, rntro- 8 , methoxy• ooumann gave no depression m melting point 
by admixture with a specimen of the synthetic compound from 4, nitro-ortho- 
vanillin. 

0*01345 g. of the substanoe gave 0-74 o.o. of nitrogen at 33° and 760 mm. 
Found: N, 6*2 per cent 
C 10 H 7 O 5 N requires N, 6*3 per cent 

Dinitro-8, hydroxy-coumarm (Nitration at ordinary temperature.) 

OH 0 

NO, CH 

8 , hydroxy-ooumarm (-5 g.) was dissolved m glacial acetio acid (3 0 . 0 .), 
and a mixture of fuming nitric acid (loo) and glacial aoetio acid ( 5 0 0 ) was 
added drop by drop There was no appreciable rise in temperature, but on 
the addition of concentrated sulphuno acid (loo) there was muoh evolution 
of heat The mixture was cooled in running water when a yellow solid 
separated whioh crystallised from glacial aoetio acid in yellow needles. 
M P. 196°. Yield, 0*0 gram. 

0*2187 g. of the snbstanoe gave 2*17 0 0 . of nitrogen at 34*5° and 768 mm. 
Found. N, 11*10 per oent. 

C 9 H 4 O 7 N, requires N, 11*11 per oent. 

Nitration of 8 , methoxy-coumann -3, carboxylic acid. (5, nitro-8, methoxy- 
coumann- 3, carboxylic acid.) 

OMe O 



8 , methoxy-coumann-3, carboxylic acid (5 g.) was dissolved in concentrated 
nitrio acid (20 0 c) at the ordinary temperature. It was then warmed on 
the water-bath for 10 minutes and kept undisturbed for 2 hours On pouring 
into water pale yellow crystals of the mtro oompound Separated. M.P. 203°. 

0*012 g. of the substanoe gave 0*55 0 . 0 . of nitrogen at 33° and 760 mm. 

Found: N, 5*13 per oent. 

C 11 H 7 O 7 N requires N, 5*29 per cent. 

6a 
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5, nitro-8, methozy-coumarin. (By decarboxylation of the above nitro-add.) 

5, nitro- 8 , methoxy-ooumann-3, carboxylic acid (3 g) was mixed with 
sand (2 g) and oopper powder (2 g ) and heated on the free flame until there 
was evolution of white fumes When the reaction had subsided, the reaotion 
mixture was cooled, extracted with alcohol and the residue obtained on dis¬ 
tilling off the alcohol was crystallised from dilute alcohol It separated as 
long white needles, MP. 205°, and showed no depression in melting point 
when mixed with a specimen of 5, mtro- 8 , methoxy-coumann obtained by the 
nitration of 8 , methoxy-coumann 
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Introduction 

The problem of the absorption of sound in porous materials has 
been investigated both theoretically and experimentally by several 
investigators 1 m this laboratory during rooent years The present paper 
carries this work a stage further m that the phase change associated with 
reflection from porous substances is studied by measuring the effect of air 
load on the electrical impedance of the sound souroe So far no data seem 
to be available regarding the ohange of phase that takes place on reflection 
from different substances and it is also not definitely known whether it is 
possible to alter the coefficient of reflection without any appreciable ohange 
of phase It is well known that if there is a surface of separation between the 
two sides of a tube through which sound waves are passing then (1) a part of 
the waves will bo transmitted and (2) a part will be reflected back and the 
reflected wave will undergo a ohange of phase dependmg upon the nature of 
the partition In the absence of the partition there is no reflection and no 
reflected wave If the barrier is rigid, perfect reflection takes place and the 
ohange of phase is it But nothing is known about phase change between the 
reflection coefficients zero and one The present work was undertaken to 
investigate this point m particular and also to determine the coefficients of 
absorption for sound of different materials 

The method in brief is a modification of that used by Fay and Hall* 
for measuring the acoustical output of a telephone receiver It consists in 
measuring the electrical impedanoe of a telephone reoeiver whioh is acoustically 
connected to an air column The other end of this air column is fitted with a 
piston When the receiver works, the air column vibrates It reacts upon 
the receiver and alters its electrical impedance This change is measured 
by a suitable apparatus The coefficient of reflection and the corresponding 
phase ohange is calculated from the constants of the receiver and the reactance 
and resistance terms c?f the electrical impedance The measurement of phase 
simultaneously with the coefficient of reflection has been made possible, since 
both the reactance and resistance terms are determined separately by this 
method. 
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The paper is divided into three parts:— 

1. The first part deals with the theoretical background necessary to 

enable one to determine the quantities to be measured for 
evaluating the resistance and the react an oe terms of a reflector. 

2. The seoond part describes the experimental arrangement, the 

sound source, eto., the observations and graphs for the determina¬ 
tion of sound absorption coefficients of ad hoc materials and the 
consequent phase changes at reflection. The sources of error 
m the measurements are also discussed in this section. 

3. The third seotion is devoted to the determination of absorption 

coefficients of an assemblage of fine tubes, and the phase change 
that takes place from the surface of the tubes This assemblage 
is similar to any sound absorbing material of which the physical 
constants are known. 


Pabt I 

1. Theory of the moving coil receiver unit * 

When a cylindrical coil having n number of turns is situated m a radial 
magnetic field of intensity H gauss, the force is given by 
2 ^ 

10 

where 6 is the radius of the coil 

The back electromotive force generated when the coil moves to and fro 
cutting the magnetic lines of force will be 

e-2 nbH~n 

where Sx denotes the distance moved by the coil in time 8 t 
e mm 2rrbHxn «» KA 

If J? bo the total input e.m f, then E = e+Z BW i, 

Z EW the electrical impedance of the windings, etc 

E *= K&+Z sw i 

that is 

t 

But -jr is the total electrical impedanoe Z BT of the receiver 
K* . 


Z ET “ 


(1) 




BBTLBOnOK AND PHASE FOB SOUND WAVES. 


673 


To find out Z m - —Let us consider the diaphragm of the reoeiver when it is 
vibrating m its fundamental mode It oan be regarded as a certain equivalent 
mass subject to elastio restraint, and moving under the action of impressed 
magnetio forces 

m l^ +r ^ +8K ” F ~ ap 

sinoe P =» Zifa — Zi&a 

mX+rx+sx+a*ZiimF . . .. (a) 

where x is the deflection at the centre of the diaphragm, 
m the effective mass of the diaphragm, 
r the damping force per unit velocity of the diaphragm, 
s the force required at the oentre of the diaphragm to produoe unit 
defleotion, 

a the area of cross-section of the tube, 
p the excess pressure due to sound waves 

: (a) becomes 

3% 

mjwx+rx-i -1 -cflZii « F 



In this equation R r , X f , and K* are oonstants for the receiver for a certain 
frequency and temperature. 

To find Zi :— The value of Z x will depend upon the length of the air oolumn 
and the nature of the piston when it serves as a reflector. Consider a sound 
wave travelling in a pipe of uniform cross-section incident on a piston and 
reflected back. Assuming that the souroe is at the origin, the partiole velocity 
of the incident waves is given by i ■■ that of the reflected wave is 
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f, tm < 4o«#( o *+®“ 2 *)e#0 where « is the coefficient of reflection and kfi is tho 
phase change, k «* ~ 

In the resultant wave motion the particle velocity is given by 
and the resultant pressure is 


where Z 0 is the mechanical impedance of unit area of air column of infinite 
length 


Hence 


Zi 


„ _ p _ Z 0 (1 — xeitye i k 

‘“of" 


at x s* 0 


M_ l-« 2 _2 j«Bin k(2l—p) I 

o £ 1+a 8 +2a cos /fe(2f—j3) + 1 + a 2 +2a cos k(2l —j8) J 


/ represents the length of the vibrating column, the piston being situated at 
x = l 


Putting this value of Z x in equation (2) we get 
K* 


where 




and 

or 


D — l+a 8 +2a cos £(21—jS) 
9 « k{2l—fl) 


K* 


R r+a Z'lLgl +3 (x r+aZ p%£) 


.. (3) 


2 In the case of a perfect reflector a « 1 and 40 it 
/. " ~jcot 41. 

Equation (3) gives . Z Ew +-= 


“ST~ ‘ J SWTR-+j^=^^ U) .(*') 

Here we see that as the length l of the air column is changed (X f —aZ 0 cot kl) 
changes but R p remains the same 


*- Putting (X p —aZ 0 oot kl) X p ' we g 
S SL+i X SL“S^3^ 


m 
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equating the real parts 


R r 


or 




or 



oonstant 


K 

2R P 


(5) 


which is the equation of a circle, when R rl and X EL are plotted as ordinate 
and abscissa Thus we find that the locus of Z„ 


i a oirele of radius ^—, 
2R’ 


(3a) 


tangent to the X-axis at the origin 

Determination of K*, R p and X p —From (3') we get 

R _ * 2 

bl Bt+iX-.-aZ 0 cot W)* 

K 2 (X p —aZ 0 cot Id) 

X EL a - R*+(X p -aZ 0 cot «)* * 

Put Z Ew u* R ew +jX Ew so that R sw and X £W represents the electrical 
resistance and the reactance of the winding, etc Let ABC be the locus of 
Z RL (Fig 1) when the perfect reflector acts as a piston From (3') we note that 
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when oot H — oo the second tenn vaniahee, and 


Z ST m R BW+3*XW 

Hence R gL will be minimum and its value will be equal to R sw' 

At this position of the piston the reactance will be the same as X gw . 
This point is represented on the circle as the point number (1) Again from 
X 

(3 a) we find when oot kl =» ; R gL is maximum and X gL m X gw . This 

is shown by the point number (2) At point (3) R gL — measured from 
the point ( 1 ) as origin 

Now the point (1) gives R gw and X gw At point (2) ^^=0 with 
respect to X gw and 

X p »aZ 0 oot kl t .. . . (a) 

At (3) when 

R EL i mt K el s * 

R P «■ - GX P - aZ 0 oot Wj) .( b ) 


The radius of the circle is equal to 


K* 

2 Rp 

R -** 

' *1* Wp 


(C) 


with the help of equations (o), (ft), (c); X pt R p and X s the constants of the 
receiver can be calculated at a constant frequency and temperature. 


4. Absorbing material. 

When instead of a perfect reflector the piston is made of some absorbing 
material 


K * 


n . aZ 0 (l — a 8 ) , • /v . v 2a sin 6 \ 

s ,+ - / - —«\ +} ( x ' +aZ ° -7- F\\ 


where 6 m ( 2l—B)k 
or Z, 


tp+aZ 0 --g+i \ Xp+aZ 0 

(l+«)*~4asin*| 1 


2 a sin 6 


(l+a)*—4a sin 8 * 


V-Z.-—-5+i(x,+aZ 0 2i^) 

( 1 +a) 1 —4a sin* | V " ' 


.. («) 
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D = (l+«») ( 1 - T ^ Bm *|) 


or Z 


K* 


R EL+j^XL " i 




R r'+&v 

Now if this equation be treated as equation (4) we get 

(r _ - Ki 

\ Et‘ 2R;) " 2i?/ 

here 22/ is not a constant as in the case of the perfect reflector, here 


which vanes as 9 = £(2Z—j9) changes; so we see that in the case of an absorbing 
material loous of Z gL will not be a perfect circle but a curve of changing radius 
and shifting centre 

0 

5. Determination of aIf sin*g be neglected as it is very small, from (0) 


z __ JP __ 

EL ( D i n 1_ * a 7 i f v . 2asin0) 

\ R '+ a S I+^ji ] +> l Z ' + (l+i)S j 

™ f D , „ 1—al , , 2a Bin $7 ^ 

P' +oZ «I+5 j J ' + (I+5)» j 

which is again an equation of a circle. In the case of an absorber also the 
shift is so small that for all practical purposes we can consider it a circle. 
Then the radius of this circle is given by 



Knowing B f and JE* from the case of the perfect reflector « can be calculated 
if the radius be known. 
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6 Determination of Phase change 

In the case of an absorbing material also when R SL is muTimnin X gL 
is zero approximately, henoe from equation (7) 


y , 2qsrnfl 
^ + (l+a)«“ 

or sm 8 — 


0 


*,(l+a) 8 

2a 


This holds good only if (l+X, 2 ) is negligible, otherwise 


sm 8 


-■y,(i+tt)» 

2a(l+V) 


sin flosin (21—=» 


jg(l+«)» 

2a(l+Z p 2 ) 


(9) 


knowing X p from the case of the perfect reflector and a from (8), kfi can be 
calculated if l be known l is the equivalent length of the air column from the 
origin to the point where R £L is maximum 


Part II 

1 Experimental details .— 

To find out Eg]', tho electrical impedance of the receiver, a cylindrical 
brass socket S was fitted to the mouth of the reoeiver To this sooket was 
attaohed a brass tube AB A snugly fitting brass piston, having two piston 
rings, formed the termination of tips tube As this type of piston formed a 
very efficient seal, it was necessary to have a pressure hole H in the brass 
sooket S which could be opened or closed by a brass screw In order to 



• s 

A 

B 



°H 


■ D 1 

R 



■Liizrii 


_ 

» 





Fig 2 


avoid tearing of the diaphragm by change in an pressure, the hole was always 
opened before moving the pistop to and fro A pointer attaohed to the piston 
rod R moves on a scale and measures the shift of the piston and thus the 
length of the air column 

The source of sound was a beat frequency oscillator To prevent over¬ 
loading of the receiver with its consequent distortionmg effect, as low an 
input level was used, as was consistent with the method of measurement 

The oscillating body was the diaphragm of a moving coil electro-magnet 
type of reoeiver Before making the measurements the reoeiver was allowed 
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to reach thermal equilibrium with its field excited as both the field excitation 
and the mechanical properties of a diaphragm are functions of temperature 
When the receiver worked, it filled tho tube with sound As the piston 
was moved, the length of the air column ohanged, thus the electrical impedance 
of the reoeiver also changed in the manner indicated by equation (3) of the 
first part The electnoal impedance is the sum of resistance and reactance 
It was found that the reactance had positive as well as negative values depending 
upon the length of the air column and the nature of the reflecting piston 

To measure this reactance and resistance, we first tried Anderson’s bridge, 
but it was found incapable of measuring negative reactances It could not 
also deteot very small changes of resistance and reactance So in the end we 
used Campbell’s mductometer It proved quite sensitive and accurate for 
measuring both positive and negative inductances of the order of one micro¬ 
henry For resistance measurement a dial resistance box reading up to 0 1 
ohms accurately was used Large errors can arise m effective resistance 
measurements, on aocount of (1) the small residual reactance of tho ratio 
arms, and (2) the earth capacitance From the theory 4 we see that when 
tho ratio arms have equal resistances and residuals no errors anse in the 
measurements With unequal ratio arms, but with then: residuals in tho same 
ratio as their resistance, errors due to residual effects are also entirely eliminated 
In the present case the resistance of the ratio arms when measured separately 
was found equal Also whether the residuals were equal or not was checked 
by balancing the bndgo and then interchanging the ratios, it was found that 
by interchanging, the balance was not upset That showed that the residuals 
were also equal Hence we conclude that no errors due to residuals were 
introduced in the resistance measurements There was a difference of 07 
ohms in the resistance of primaries, which did not interfere with the resistance 
measurements to any appreciable extent 

To avoid earth capacitance effect, shielded wires were used for connec¬ 
tions, with their shields connected to earth and the mductometer was insulated 
and kept at a distance from the oscillator Wagner’s earthing device was 
also tned but it did not make any appreciable improvement 

The arrangement of the apparatus is shown m fig 3 To avoid using 
the negative scale of the mductometer, a small known inductance L was put m 
senes with the unknown impedance In series with L was put a thermo- 
milli- amme ter to keep the input current oonstant as it changes with the change 
of air load impedance. The current is adjusted by the volume control knob 
of the beat frequency oscillator A low resistance telephone was used to 
deteot small changes of impedance in the circuit 

To find out the resistance and the reactance terms of an impedanoe, both 
resistance and induotanoe were adjusted till there was minimum sound in the 
telephone. The sound never vanished. Even Wagner’s earthing device 
oould not improve this minimum Perfect silenoe could not be obtained due 
to the presenoe of harmonic oontent m the osoillator. 
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2 Observations and Calculations 

After making all the arrangements as described before, the oscillator 
and the field magnet current were switched on. The maximum current for 
the magnet is 1*6 amperes, but for our purpose 1*2 amperes were enough. This 
1*2 amperes current was maintained constant with the help of a slide resistance 
throughout the experiment. The oscillator was adjusted for a frequency of 
nearly 1,200 cycles. To maintain this frequency constant, it was very 
necessary that the temperature of the oscillator should remain oonstant. 
For that purpose a fan was put on and this kept the temperature satisfactorily 
oonstant. The exact frequency was calculated from the observed half wave* 
length in terms of the length of the air oolumn between two nodes or antinodes. 
At first, resistanoe and inductance wore adjusted to find the balanoe keeping 
the receiver out of circuit. This gave us the initial resistance and inductance 
of the circuit which was subtracted from every reading. The difference gave 
the total impedanoe of the circuit. Thai the piston was pushed into Us extreme 
inward position, and balance was found by adjusting the resistanoe and 
inductanoe and this position of the piston was read as the aero of the scale. 
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Then the piston was pushed out a little, again resistance and induotanoe were 
adjusted to get a balance and the position of the piston noted. In this manner 
the readings were taken at small distances, until after moving the piston 
through a length equal to half wave-length they began to repeat themselves. 
This gave us the electrical resistance and inductance corresponding to the 
acoustical impedance of the known length of air column. Induotanoe in 
each oase was then multiplied by 2 vf to get the reactance, / denoting the 
frequency of sound. A curve was drawn between resistance as abscissa and 
reactance as ordinate, which was found to be a circle in accordance with 
equation (6). 

Then three points were taken on this circle: (l) where resistance R EL is 
minimum, (ii) R EL is maximum, and (iii) R £L is equal to X EL . Then according 
to equations (a), ( b ) and (c), the constants R p , and X r of the receiver were 
calculated for the particular frequency and temperature. A typical case is 
given below:— 

Temperature «=» 26-5°C 

Field magnet current =■ 1-2 amperes. 

Initial resistance = 9 4 ohms. 

Initial induotanoe reading = 3 2 

The readings below are given after subtracting the initial resistance and 
induotanoe readings. 


Scale Beading l. 

Resistance R 

Induotanoe 
reading L. 

Reactance 1-638L 
X. 

0 

14-06 

•1 

•164 

2 

13-4 

•9 

1-384 

4 

13 2 

1-4 

2-16 

6 

13-2 

1-6 

2-46 

6 

13-2 

1-86 

2-84 

7 

13*2 

2-06 

3-16 

8 

13-3 

2-4 

3-69 

9 

13-5 

2-8 

43 

10 

14-3 

3-6 

5-38 

10*5 

16-2 

4-0 

6-16 

11 

17-1 

4-2 

6-46 

11*6 

20-0 

3-0 

4-6 

11*8 

20*6 

1-3 

2-0 

12-0 

19-8 

•2 

•308 

12*6 

17*8 

—7 

-1-07 

18 

16-6 

-6 

—•923 

13-6 

14-8 

—3 

—46 

14 

1416 

•06 

•077 

14*2 

14-06 

•1 

•164 
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J wave-length = 14-2 cm 
wave-length A = 28*4 cm 
Velocity of sound 331 3+ 0lf 
where t is the temperature 
Velocity V - 331 3+ 61 x 20 5 
*■ 347-46 meters 
347 4fi 

Frequency 2g —■ x 100 = 1223 4 oyoles 
2nf =2x3 142 x 1223 4 » 7095 

Now reactance is equal to 2 irf times inductance If L' denotes inductance 
and X reactance, X =* 2irJL' 

But JJ = 2xl00xL 

because L is the mductometer scale reading which is always multiplied by 2 
and the multiplying factor used, which m this case was 100 
Reactance X = 400ir/L = 1 54 x 10®L Microhenries 
ra 1 54 L Henries 

After calculating X m every case a curve was drawn between resistance 
and reactance and three points taken as desonbed m § 3, Part I, and length 
readings noted at these points 

If 2 denotes the length reading at point ( l) 
l n» 6-0 cm 

According to theory the point where the resistance R EL is minimum should 
be at a distance ^ from the origin, therefore effective length V of the air 
column from our zero of the scale to the origin is given by 
2' » ~ -2 » 14 2-5 0 - 8-0 om 

V =* 8*0 om should be added to every length reading to get the real 
length of the air oolumn Thus 

at point (2) l t — 11 7+8 0 ■■ 20*3 cm. 

,, „ (3) 2, - 10*95 + 8 0 - 19*55 cm 

R sw ** 13*2 ohms 
R EL% « 20*5-13*2 = 72 ohms 
R„ r a 10 85-13 2 « 3*05 ohms 

ELf 


From equation (a) 
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From equation ( b) 

R r +X p = aZ 0 cot X19 55 

From equation (r) 

K 2 


366 

or 

K * - 2 x *186x3 65 aZ 0 


— 1 36 aZ 0 


. = 0 19 aZ 0 

X p =» 0 22 aZ 0 

A® = 1 36 aZ 0 


Absorbing material 

After knowing the constants of tho receiver in this way, the absorbing 
material was put at the piston and tho piston was pushed into its extreme position 
Then the experiment was repeated m the same way, keepmg all the other 
conditions the same as in the case of the reflector The following were the 
observations when ootton was used as an absorber 
For ootton fig 4 
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Scale Reading l 

Resistance R. 

Inductance 
Read mg L. 

Reactance 
X a 1-5382* 

0 

13 6 

•9 

1-38 

2 

13-35 

1-4 

2-15 

3 

13-3 

1-6 

2 46 

4 

13 3 

1-8 

2 77 

6 

13-36 

2-0 

3-08 

6 

13 5 

23 

3-64 

7 

13-8 

2-7 

4-15 

8 

14 5 

3 1 

4-76 

9 

16-3 

35 

5-38 

9-6 

18-1 

2-8 

4-3 

10 

18-6 

1-4 

2-15 

10 6 

17 6 

0-2 

31 

11-0 

16-3 

—1 

—15 

11-6 

16-2 

—1 

—15 

120 

14 7 

+•1 

•15 

13 0 

13-9 

■6- 

92 

140 

13 6 

•9 

1-38 


A graph was drawn between resistance and reactance and the length 
was noted at the point where the resistance was maximum Reactance at 
this point was nearly the same as X EW , the reactance of the windings, eto. 
The difference of this resistance and R sw gave ua R EL and the length when 
added to effective length gave the length of the air column 
At the point of maximum resistance 

l w* 9-9+8 8 «= 18 5 cms 
R„ t = 18 7-13 2= 5-8 ohms 


Prom § 5 equation (8) 


K* 

2 x Radius 

f-M, 


'*' + T+i«* 


r el p l+« ° 

Putting the values of K 1 , R p and R EL 

iz«. li®»19 

l+« 55 

- 26— 19 » 016 

-iS-“ 

Absorption ooeffioient ■*= 1 —a 8 «■ 1-78 «= 22 
Prom 16 equation (9) 

... 2' „ _ X,d+«)* 

T ( fn 2*<l+x,‘) 
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or patting the values of X r and a 


Putting the value of l 


-._2* /01 m 22 x 1 885 s 
8m T (2- T __ T _ 

y(2f-/i) = -25”l 


2ir 

T 


360 x 37 
28 4 + 


251 


4941 


42 


Jfe)3 =■ 494 1-360 - 134° 1 
reflection coefficient a = ‘885 
absorption coefficient = 22 
phase change =■ 134°-1 

In this way observations were taken for every material and absorption 
coefficient, reflection coefficient and phase change calculated in every case 
separately 

The following table gives the data for some substances.— 



Substance 

Reflection 

Absorption 

Phase change 



coefficient 

coefficient 


1 

Asbestos .. 

•96 

•085 

175°-1 

2 

Cotton 

•88 

•22 

134°1 

3 

Insulating board 

•83 

■30 

172°-3 

4. 

Treetax 

81 

35 

175°*5 

5 

Felt 

81 

35 

145°*5 


The impedance circles are as shown for these materials. A glance at 
these circles (Figs. 5, 6, 7, 8) shows whether the substanoe has got a greater 



Fio, 5. Impedanoe Outre for Asbestos. 





BOTLHOTION AND PHASE FOR SOTTED WAVES 


667 


absorption ooeffloient from the former one or smaller. Theoretically also we 
see from equation (8) that radius 

K* 


i«’ + w* az °) 


J a« 

If the radius becomes smaller, R p +^-aZ Q should inorease R p is constant 
1 

must inorease, l e a must decrease, so absorption increases Hence 

as the absorption coefficient increases the circle becomes smaller From the 
above table we see that there ib no relation between absorption coefficient 
and phase It is possible that the coefficients may remain the same while 
the phase changes m two cases as can be noted in oases (4) and (5), or the 
phase remains the same and coefficients alter as found in (1) and (4) The 
discussion m part III will show that phase change depends on the perforated 
area of the reflecting surface m comparison to the solid one When the per¬ 
forated area is more tho phase chango increases Evidently, the observations 
show that felt is more porous than treetax, and though the coefficients of 
reflection and absorption are much different for asbestos and treetax, yet the 
perforated area is the same 

Cotton showB a peculiar case hero Absorption is only twenty per cent, 
and phase change is so largo This requires further investigation 


Past III 


Theory of Sound absorption in porous materials 


The theory of absorption and reflection of sound was first treated 
theoretically by Rayleigh 5 and elaborated by Pans 8 They treated the 
case of sound inoident normally on a wall consisting of a large number of similar 
conduits of circular oross-seotion and uniformly distributed The expressions 
deduced by them give the ratio of the amplitudes of the incident and reflected 


waves 

Two oases arise according to whether the tubes are narrow or of moderate 
bore. It is known T that the ontenon which separates the two cases is the 


quantity 



in whioh r is the radius of the capillary, r is the kinematic 


visooeity of air, to is the oyole firequenoy 2 rtf If this expression is less than 
unity, the tube, according to Rayleigh, is effectively ‘narrow’ If it lies 
between 1 and 10, it is of moderate bore. The equation for the sound waves 
passing through a narrow tube is 
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Case 1. When the tube is narrow 

p =, g - 2 82/9 where 
Case 2. When the tube is of moderate bore 


P*=P 

»-r** 


The aooustio impedanoe Z 0 = pc of a gaseous medium characterizes its 
behaviour with regard to waves passing through it In the case of a capillary 
tube of infinite length, the acoustic impedance Z' per unit area can be calculated 
as follows.— 

Since p » — c*p ~ and £ = $~ 

r r dx jo) 

and Z' <=» — 

f 

we obtain at once Case I • 

CaseU 


If the tube, however, is of fimte length l, we must replace these equations by 
others involving the impedanoe of a finite pipe which is 8 
Zj — —jZ cot l(q—jp) 


The impedance factor given above must then be multiplied by— 
Case I 


Case II 


«.t wsa-S)V\ 

oot jj+/3J(l~i)} 


to obtain the appropriate value of the relative impedances 

If the waves are moident from a medium of impedance Z 0 to another of 
impedance Z% then the reflection coefficient is given by 9 


eW* 



Zt 




+i 


In the present experiment we wanted to find out the absorption and 
reflection coefficients for known numbers of glass tubes and their corresponding 
phase change. For this purpose a number of holes were bored in the piston 
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and filled with glass tubes In this case a part of the sound waves was reflected 
from the porous material and a part was reflected from the solid surface If 
A denote the perforated area we have Si+Sr=° S%A whore £ is the reflected 
wave both from the solid and perforated parts, is the moident wave 

f,-*/+*/ 

Pi+Pr *■ Pi where p is the excess pressure 


- Si~Sr ™ TjrJ* 

Z t being the impedance of the opening 


Thus 


Z 0 - 

Sr_ 

Si 


z t =*cp 



A + 


Zfe 


This can be written in the form 



( 10 ) 


where k{3 denotes the change of phase 

The experiment was repeated in the same way as described for other 
absorbing materials in § 2, Part H. For different numbers of tubes the coefficients 
and phase changes were calculated Tn this case also the impedance oiroles 
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Fio 10 Impedance Curve for 50 Capillary tubes. 
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became smaller and smaller as tho number of tubes increased, showing thereby 
that the absorption was increased The following table gives the results 
obtained.— 


Number 


Reflection 

z* 

Absorption 

Phase 

of tubes 

A 

coefficient 

Z 0 

coefficient 

change left 

126 

•078 

■64 

•366 

•69 

186-6 

100 

•064 

•67 

•324 

•66 

186-1 

76 

•048 

86 

638 

•26 

184-6 

60 

•032 

89 

66 

21 

184 0 

26 

•016 

•96 

78 

08 

183-7 

It is found that the absorption coefficient 

increases with 

the number 


of tubes, but there is no appreciable chango in phase The phase ohange is 
nearly the same in every case The phase change depends on the perforated 
area A, as can be shown from equation (10) If A be very small, nearing 
*ero, then at A — 0 



whioh is the ease of perfect reflector for whioh phase change is 180° 

In the present case of glass tubes the radius of a tube is *06 om. and 
if 196 tubes are taken the perforated area of the tubes 
*r*n m 314 x ‘06* X126 
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The area of the piston is vR* = 3 142 x 2*, as R • 
m*n 126x 05* 


. A - 
A 


irK 1 4 

•078 is very nearly zero 


2 om 
078 


As shown before 


z 2 , 

* - Uv (i }) 

Leaving aside the imaginary part 


« I— 

V tor* 


Z t 2 


■- / 
05 v: 


2x3 142x1200 


As v the kinematic visoosity is affected by conductivity, eto., in this case it 
almost becomes four tunes 132 so tho value of 

z z 

becomes = 2x2= 4 approximately 

A> A> 

Experimentally, we find that according to equation 






-A 


\ +A 


Z, A(l-ae^) 
Z 0 “ (l +e »^a) 


putting the value of A for the number of tubes used and a obtained from 

experimental observation, we get the value of The value of ~ for each 

-*o A> 

case is given m the table It is found that the order of the result is the same 
as found theoretically. 

As the area A has a maximum value equal to *078 it is evident that there 
will be a very small difference between the phase change in this case and that 
for a perfect reflector We see that phase change vanes from 183 to 185 only, 
but in every case it does exceed 180° Why it is more than 180° m this oase 
of tubes and not less than 180° as in the oase of felt, treetax, eto., requires 
further investigation 
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Abstract .—The absorption coefficient of sound has been investigated for a 
large number of porous substances, but the phase change accompanying 
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reflection had not been so far investigated This is done in the present paper by 
measuring the impedance of a telephone receiver in the presenoe of air load. 
No significant relation between absorption coefficient and phase change has 
been found The phase change m the case of porous materials made from 
assembling capillary tubes is found to be greater than ir at the frequency of 
1200 cycles whereas m other substances it was less than it The acoustic 
impedance of the capillary tubes as calculated from Rayleigh’s formula is 
found to be in reasonable agreement with experiment 
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MALE AND FEMALE GAMETOPHYTES OF POLEMONIUM 
COERULEUM LINN, WITH A DISCUSSION ON THE 
AFFINITIES OF THE FAMILY POLEMONIACEAE 

By Y Sundae Rao, M.Sc , Department of Botany, Htndu CdUege, 
Guntur 

(Communicated by Dr A C Joshi, D So) 

(Read Augxut 20, 1940) 

Polemomaceae is a comparatively small family with 12 genera and about 
300 species, distributed chiefly m N America A few species, however, 
extend to Chili, Peru, Europe and N Asia The family is generally included 
among the Tubiflorae, one of the ordors of the Gamopetalae, but there is a 
great deal of difference of opinion about its ancestry among the Polypetalae 
The few previous observations on the embryo-sao are conflicting The embryo- 
sac development m Giha millefoliata and Gobaea scandens is said to follow 
the Normal-type, while m Polemontum coeruleum it has been described to 
follow the SctUa-type (Sohnarf, 1931) Suoh a situation is unusual and 
requires rein vest igat ion. 

Polemonium coeruleum Linn , the Jacob’s ladder, is one of the most 
widely distributed members of the family, being spread over North and 
Central Asia, Europe and N America Its distribution is coextensive with 
that of the family It is found in India in the alpine Western Himalayas, 
from Kumaon to Kashmir, at a height of 9,000-12,000 ft It is quite common 
in this area The plant is a perennial herb with alternate, pinnate leaves 
and fine blue showy flowers arranged in terminal corymbose cymes The 
present paper deals with the development and structure of the anther, pollen, 
ovule and embryo-sac of this species In the end the bearing of the embryo, 
logical characters on the affinities of the family Polemomaceae is discussed. 

The material of Polemonium coeruleum used m the present investigation 
was collected by Dr, A C Joshi from Khilanmarg (10,000-11,000 ft.) in the 
TCiurimiir State It was fixed in Navashin’s fixative and then transferred 
directly to 70% alcohol Afterwards customary methods of dehydration and 
embedding were followed Sections were cut 8-12 p thiok and stained with 
Delafield’s and Heidenham’s iron-alum haematoxyhn With the latter stain, 
oounterstaining with light green was also tried on some slides 

Previous Work. 

The earliest embryological observations on the family Polemomaceae 
were made by Elfving (1879) and Jflnsson (1879-80). Elfving m his work 
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on the pollen grains of angiosperms also studied the pollen of Otlta species. 
Jdnsson studied the development of the embryo-sao of Pokmonium coeruleum. 
According to him it follows the SctUa-type Billings (1901) studied the 
structure of the ovule and embryo-sac, though not all the developmental 
stages, of three species of Pdemontum, Collomta cocctnm, Phlox Drummonds, 
Leptosiphon Androsoce and Otlta mtUefoltaia He noted in all species umtegmio 
ovules, embryo-sac tapetum, 8-nucleate embryo-sao, early degenerating 
antipodals and nuclear endosperm. Bonnet (1912) in his work on the tapetum 
of angiosperms also reported on the tapetal cells of Cobam scandens, noting 
the penplasmodium formation Juel (1915) made a similar study both of 
Cobam and Polemontum He noted amoeboid penplasmodium m the first, 
but not m the second Farr (1920) studied cytokinesis m tho pollen-mother 
cells of Cobaea scandens He found this to take place according to the simul¬ 
taneous method and furrowing Sohnarf (1921) showed the development of 
the embryo-sao in Otlta millefohata to follow the Normal-type Dahlgren 
(1927) has figured the structure of the nuoellus of Cobaea scandens Sohurhoff 
(1926) and Sohnarf (1937) have summarized the earlier work on the family 
Sohnarf (1937) reports 2-nuoleate mature pollen grains in Otlta and Phlox 
species 

Micbospobogenesis 

Even before the young anther has become distinctly 4-lobed, 3-4 rows 
of cells in each lobe assume a different appearance from the rest These cells 
begin to stain more deeply than tho rest and show a higher nucleus to cytoplasm 
ratio, and thus differentiate as the primary arohesponum (Fig 1) Each of 
these primary arohesponal cells, after the anther has become distinctly 4-lobed, 
outs off a primary wall oell towards the outside (Fig 2) Divisions now proceed 
rapidly both in the primary wall cells and primary sporogenous oells and the 
anther soon attains its mature form The primary wall oells divide penolinally 
forming two layers (Fig. 3). The inner one of these layers develops directly 
into the tapetum, while the cells of the outer layer undergo one more penolinal 
division (Fig. 4) The anther wall thus becomes four layers thick including 
the epidermis (Fig 5). The layer of oells just below the epidermis persists 
throughout the development of the anther and by the development of the special 
thickenings differentiates as the fibrous endotheoium (Figs 10-12) The 
middle layer of oells situated in between the tapetal and fibrous endothecial 
layers is short-lived. As the other two layers develop, it is crashed by the 
growing pressure from both inside and outside. Suoh a differentiation of the 
anther wall agrees with that found in Ranunculus scekralus by Singh (1936), 
with the only difference that in Ranunculus scekralus there are two middle 
layers Other species of the same genus, however, show only one middle 
layer, e.g, Ranunculus pamflorus studied by Salisbury (1931). Similar 
development of the anther wall is also seen in the Labiatae (Gu&rin, 1919)* 
Valerianaoeae (4splund, 1920), eto. In the Caryophyllaoeae and other 



Fxos. 1-18 PoUmonivm coeruleum. Various stages m the development of the 
anther and pollen. Fig. 1, T 8 of a young anther showing 3-4 rows of primary arche- 
■porial cells in each lobe. Figs 2-0. four stages in the development of the parietal tissue. 
Figs. 0-9. four stages in the development of tapetal oells. Fig. 10, pert of an anther, 
lobe showing much enlarged tapetal oells, fusion of the tapetal nuclei and pollen tetrads 
Fig. 11, an early stage m the development of false perlplaamodium with degenerating 
tapetal nuclei and 1-nucleate pollen grams Fig. 12, false periplasmodtum fully developed, 
pollen grains 2-celled and fibrous endothecial layer completely differentiated. Fig. 13, 
1-nuoleate pollen grain. Fig. 14, a young 2-oefled pollen grain. Fig. IS, mature pollen 
grain. Fig. 10, turfaoe view of a mature pollan grain. Figs, 1 and 11-12, xoo. 300; 
Figs. 2-0 and 10, X eo. 460 1 Figs. 0-9 and 13-1C, X ea. 583. 
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families of Centrospermales, with whioh the affinity of the Polemoniaoeae 
has been suggested by several persons (see discussion), the development of 
the parietal tissue m the anther follows a slightly different course We find 
both in Caryophyllaceae (Joshi, P C , 1935) and Amarantaceae (Kajale, 1936), 
Chenopodiaceae (Bhargava, 1936), Phytolaocaceae (Joshi, 1936), Nyctaginaoeae 
(Bhargava, 1930), etc , that the oells of the outer layer formed by the first division 
of the primary wall layer do not divide any further penohnally and the inner 
layer does not develop directly into the tapetum Its cells undergo at least one 
more division before the differentiation of the tapetum from the innermost 
layer Unfortunately, we have no similar authentic work to compare among 
any of the Geramales, the second order from which this family is supposed 
to have been derived by many taxonomists 

During the early prophase of the first meiotic division in the pollen- 
mother cells, the nuclei of the tapetal oells are still m the resting condition 
(Pig 6) Usually among the flowering plants they divide about the zygotene 
stage In Polemomum coeruleum they were found to divide m a mitotic 
manner (Figs 6 and 7) only when the nuclei of the pollen-mother cells entered 
tho diplotene stage The cells remain 2-nucleate for some time (Fig 8), but 
by the time of cytokinesis in the pollen-mother colls the nuclei come together 
and fuse with each other (Figs 9 and 10), so that the tapetal cells become 
1-nuoleate once agam This condition, however, differs from the first urn- 
nucleate stage in the fact that tho smgle nucleus now is tetraploid Similar 
division of the tapetal nuclei and fusion of the daughter nuclei to form poly¬ 
ploid nuclei is seen m many other flowering plants, e g, Oaltonxa candtcans 
(Smith, 1933), Wickstroemui xndxca (Winkler, 1906), Oynandropsxa pentaphyUa 
(Raghavan, 1938), Pohanthes tubero&a (Joshi and Pantulu, unpublished obser¬ 
vations), etc Cooper (1933) reports that in Phlox pamcidata the tapetal oells 
are generally uni-nucleate, but occasionally they become 2-nuoleate during 
the late prophase or metaphase of the I meiotic division in pollen-mother 
oells. This would show that there is considerable difference in the behaviour 
of tapetal oells within the family Polemoniaoeae It is, however, probable 
that Cooper’s observations are not quite correct, and in Phlox also the tapetal 
nuolei first divide and then the daughter nuclei fuse, but occasionally may 
remain separate. The material in any case requires remvestigation 

At the tetrad stage the tapetal oells enlarge considerably (Fig 10) Their 
walla are thin and dehoate, as noted by Juel (1915). As the pollen grains 
develop exme and mtmc, the tapetal cells lose their walls, and when the pollen 
grains are 2-nuoleate and the fibrous endotheoial layer has fully differentiated 
their cytoplasm flows in between the pollen grains, forming a false penplas- 
modium (Fig. 12) Ultimately this is absorbed by the developing pollen 
grains. The tapetal nuolei degenerate early, even before the formation of the 
plasm o dial mass (Fig. 11). They begin to stain deeply, assume irregular 
outline and their fragments float into the plasmodium. In forms with a true 
periplaamodiuift, suoh as the several Helobialee (S4n6, 1939) and Comme* 
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linaoeae (Tischler, 1915), the nuclei of the tapetal cells are still perfect and 
living when they float in the plasmodial mass and sometimes even divide 
mitotioally in this condition as noted by Narsimhamurty (1938) m Rhoeo and 
Zebrtna Similar development of a false penplasmodium has been observed by 
Juel (1915) m Cobam scandena, but he reported its absence in PoUmonxum 
coendeum, though he admits that at certain places it appeared to him as though 
the cytoplasm was flowing from the cells The present investigation shows 
that the false penplasmodium in Polemonxum coeruleum develops at a late 
stage of anther development Perhaps Juel (1915) did not study suoh old 
anthers to observe it. 

The primary sporogenous cells give rise to a large number of spore- 
mother cells These undergo the two meiotio divisions m the normal manner 
The pollen grams are formed according to the Simultaneous-type, as usual 
m dicotyledons, and cytokinesis takes place by furrowing as described by Farr 
(1920) in Cobaea acandens Tho pollen tetrads are generally tetrahedral 
The pollen grams after liberation from the mother cells soon round off, greatly 
increase in size, develop the usual exme and mtine and become greatly vacuolate 
(Figs 12-14), so that the nucleus is pushed towards the outer side. Here 
the nuoleus divides to form a large tube nucleus and a small generative nucleus 
The latter is separated by a curved wall to form a lenticular generative cell 
The vacuoles in the pollen grains are gradually filled up, but no more nuclear 
divisions oocur and the pollen grams are ultimately shed in this 2-celled 
condition (Fig 15) The generative cell by now becomes spindle-shaped. 
The exme is well developed It is perforated by numerous germ pores (Fig 
10) It is thickest before the first division of the pollen gram nucleus and 
decreases m thickness as the pollen gram matures (Figs 13-15) Similar 
decrease in the thickness of the exme during the later stages of pollen gram 
development has also been observed by Brough (1923) m Styphelxa longxfoha, 
Pun and Singh (1935) m Dtgera arvensis and Kajale (1940) in many 
other Amarantaceae Brough (1923) and Smgh and Pun (1935) think that 
this is due to the absorption of exme by the developing pollen grams The 
wnter agrees with Kajale that it is merely due to mechanical stretching 
caused by an increase m the size of the pollen grams. 


Megasporogenesis and Embryo-sac. 

The ovary is supenor and tnlocular (Figs 17 and 18) as m most members 
of the family and is situated on a prominent disk. Dawson (1930) thinks 
that the disk represents a reduced whorl of stamens, because in many Pole* 
jnnniu nftftA it is supplied by a set of vascular bundles whioh correspond to the 
traces of an whorl of stamens The ovules are numerous, anle, anatro- 
pous and possess single massive mtegument, forming a long, more or less 
curved mioropyle (Fig. 18). The nuoellns is poorly developed (Figs. 20 and' 
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Fiat 17-20 Polemonwm ooeruleum. Figs. 17-18, transverse and longitudinal 
sections of the ovary showing the structure and arrangement of the ovules. Fig. 19, 
primary aroheeponal cell. Fig 20, megaspore-mother oell dividing Fig. 21, tetrad of 
megaspores Fig. 22, 1-nucleate embryo-sac and degeneration of the mioropylar mega- 
spores Fig 28, 2-nuoleate embryo-sac Fig 24, i-nucleate embryo-sac Fig 20, mature 
embryo-sac. Figs. 17 and 18, X 29; Figs 19-25, x co. 033 


21) Both the megaspore-mother oell and the tetrad of megaspores are 
covered only by a single layer of naoelhis cells. In later stages even these 
are crushed, so that the embryo-sac is directly surrounded by the integument. 
As observed by Billings (1901) in several Polemomaceae, the inner epidermis 
of the integument develops into an ‘ embryo-sac tapgtum’. Its oells become 
densely filled with oytoplasm and begin to stain very deeply. It serves the 
purpose of a nutritive jacket for the embryo-sao. 

There is a single hypodermal primary aroheeponal oell (Fig. 19) and this 
directly functions as the megaspore-mother oell (Fig. 20). No primary wall 
^ 8b 
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■cell is cut off» The same feature was observed previously by Jbnsson (1879-80) 
in this species and by Schnarf (1921) in Otlta mtUefoltata The megaspore- 
mother cell gives rise to a linear tetrad of megaspores (Fig 21), as reported 
“by Schnarf (1921) in Chita The three micropylar megaspores degenerate 
fFig 22), while the chalazal one develops into an 8-nuoleate embryo-sac as a 
result of three successive nuclear divisions (Fig 22-25). The development 
of the embryo-sac in Polemomum coertiieum, therefore, corresponds to the 
Normal-type, and does not agree with the SctUa-type as Jbnsson’s (1879-80) 
observations would lead us to believe We may therefore conclude that in 
-all investigated Polemoniaoeae the embryo-sac is of the Normal- type. 

The mature embryo-sao is broadly spindle-shaped with a somewhat 
sharply pointed micropylar end (Fig 25) The egg-apparatus has the normal 
structure. The two polar nuclei meet and fuse in the centre The antipodals 
are small 1-nucleate cells and disorganise early 


Discussion 

The origin of the family Polemoniaoeae and its affinities among the 
Archichlamydoae has been a subject for much controversy among the syste- 
matists. Wettstein (1924) and Rendle (1925) derive the order Tubiflorae, 
in whioh the Polemomaceae is generally placed, from a form closely related 
to the Rosales Hallier (1905) traces the ancestry of the Polemomales from 
the Primulales and regards Geraniales as a connecting link between the two. 
Bessey (1915) traces the origin of the Polemomales from Ranales through 
-Caryophyllales and Primulales He regards the Geraniales as olosely related 
to the Caryophyllales Wemham (1911 and 1912) and Hutchinson (1926) 
both derive the Polemoniaoeae as an advanced type of the Geraniales. 
Hutchinson (1926) further believes the Geraniales to have been derived from the 
■Caryophyllales, which he considers as a central group giving rise to a number 
of orders Dawson (1936) from a recent study of the floral anatomy of many 
members of the family concludes that the Polemoniaoeae is more olosely 
related to the Caryophyllaceae than Geramaoeae and represents a line of 
•development proceeding from a 3-carpellate Caryophyllaoeous stock prior 
to the establishment of free central plaoentation, 

It is thus clear that the general opinion seems to be to derive the Pole- 
moniaoeae either from the Caryophyllaceae or Geraniaceae and we have to 
see whioh view is favoured by embryologioal evidence. Here we have to 
•admit that our embryologioal knowledge is yet very imperfect. While the 
•embryology of the Caryophyllales is comparatively well known, we have no 
knowledge aa yet of some phases of the life-history, e.g., embryo development, 
of the Polemomales. The known features of the three families are tabulated 
below.' i 
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Character 

Geramaoeae 

Caryophyllaoeae 

Polemomaoeae. 

(1) Pollen . 1 

3-nucleate 

3-nuoleate 

2-nucleate 

(2) Tapetum 

Amoeboid or pen- 
plaamodial. 

Secretory 

False penplasmodram 

(3) Ovule 

Anatropoua 

Campylotropous 

Well developed 

Anatropoua 

(4) Nucellus 

Well developed 

Poorly developed 

(0) Integuments 

Two 

Two 

One 

(0) Panetal cell 

Present 

Generally present 

Absent 

(7) Embryo sac 

Normal type 

Generally Normal • 
type 

Nuclear 

Normal-type 

(8) Endosperm 

Nuclear 

Nuclear 

(9) Pensperm 

Absent 

Present 

Absent 

(10) Embryo 

Straight 

Annular 

Straight 


The table shows that in some features all the families are quite similar, 
e g , in the presence of nuclear endosperm and Normal -type of embryo-sac 
In other features (one integument, poorly developed nucellus, absence of the 
panetal cell, 2-nuoleate pollen grains) the Polemoniaceae differs both from the 
Geramaoeae and Caryophyllaoeae. Some of these features are common to 
the Gamopetalae in general In the form of the ovule, structure of the seed 
and tapotum, however, we find that the Polemoniaceae shows more resemblance 
with the Geramaoeae than with the Caryophyllaoeae The embryological 
evidenoe thus seems to support Hutchinson's (1926) and Wemham’s (1911 and 
1912) views about the origin of the Polemoniaceae from the Geramaoeae 
Dawson (1936) rejects this view only for the reason that from anatomical 
study she could find no evidenoe to substantiate $he theory that the 3-carpeUate 
ovary of the Polemoniaceae has been derived by reduction from the 5-carpellate 
ovary of the Geramaoeae. She did not find any vestigial vascular traces for 
the lost carpels. Reoent work of Arber (1933), however, shows that m the 
flowers of angiosperms the vascular bundles do not persist after the organs 
they supplied have ceased to exist. The absence of any vestigial traces for 
the lost carpels in the gynoecium of the Polemoniaceae, therefore, cannot be 
regarded as strong evidenoe against the origin of this family from the 
Geramaoeae 

Summary 

The primary arohesporram in the anther of Poiemonuim eoentleum consists 
of 3-4 rows of hypodermal oells The inner layer resulting from the first 
periolinal division of the primary wall cells develops into the tapetum, while 
the outer layer divides once again to form the sub-epidermal fibrous endothe- 
oium and an early disappearing middle layer The nucleus of the tapetal 
cells divides mitotically about the diplotene stage of P.M.C., but the daughter 
nuclei fuse again about the cytokinesis stage, so that the tapetal cells ultimately 
possess one tetraploid nucleus. The tapetum forms a false periplasmodium. 
The pollen grains are formed aooording to the Simultaneous-type. Cytokinesis 
takes place by furrowing. The mature pollen grains are 2-oelled and possess 
many germ pores 




OF POLEMONIOM COERULEUM LINN. 708 

The ovules show a single hypodermal primary archesporial cell, which 
functions direotly as the megaspore-mother cell, and gives rise to a linear 
tetrad of megaspores The chalazal megaapore develops into an 8-nucleate 
ombryo-sao according to the formal-type Jbnsson’s observations that the 
embryo-sac m this species develops according to the Sctlla-type are thus 
shown to be incorrect. 

The embryological evidence favours Wemham’s and Hutchinson's views 
about the origin of the Polemoniaceae from the Geraniaceae 

The author is greatly indebted to Dr A C Joshi of Benares Hindu 
University for suggesting the investigation, providing the material and helpful 
guidance 
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ON THE NEW DIFFRACTION MAXIMA IN LAUE PHOTOGRAPHS 


By S C Sibkab, DSc and J Gupta, D Sc 
(Communicated by Prof M N Saha, F R S ) 

(Read August, 20, 1940 ) 

It has reoently been reported by Sir C V Raman and Dr P Nilakantan 
(1940a) that a new type of X-ray reflection with change of wave-length has 
been observed by them m the Laue patterns of diamond obtained with X-rays 
from a tube with Cu antioathode, the incident beam being nearly parallel to 
the threefold axis of symmetry of the crystal In a subsequent paper (Raman 
and Nilakantan, 19406) the theory of the phenomenon has been given by them 
and in two other papers (Raman and Nilakantan, 1940c) the results obtained 
by them in tho ease of diamond and crystals of sodium nitrate have been 
discussed in detail The new X-ray reflections observed by them he very 
dose to the Laue diffraction maxima duo to 111 planes, and the intensity 
of these spots is found to be dependent on the glancing angle made by the 
X-rays with these planes The origin of the new X-ray reflections has been 
interpreted by them to be duo to reflections from dynamio stratifications 
having a spacing identical with that of the 111 planes, but these stratifications 
are oriented suitably for Bragg reflection by the influence of incident X-rays 
on the characteristic vibration of the lattice These authors, however, have 
overlooked the fact that Buch new diffraction maxima were observed previously 
by many workers (Friedrich, 1913 and others) This has been pointed out by 
Knaggs et al (1940) Reoently Zaohanasen (1940) has put forward a theory of 
the origin of these new diffraction maxima observed in the vicinity of the 
Bragg reflection of monochromatic X-rays, and Siegel and Zaohanasen (1940) 
have obtained preliminary experimental results m support of the theory put 
forward by Zaohanasen The object of the present paper is to point out 
oertain difficulties in the theory put forward by Raman and Nilakantan 
regarding the origin of these new diffraction maxima, and also to discuss the 
difference between the fundamentals of this theory and that put forward by 
Zaohanasen. 

According to the qualitative theory given by Raman and Nilakantan, 
the new X-ray diffraction takes place m the following way*— 

When a parallel beam of monochromatic X-rays OP, O'P' (fig 1) falls 
on a set of 111 planes the static direction of which is represented by the line 
AB, if the glanoing angle 0, does not satisfy the Bragg relation, the phases 
ffmotion of the different carbon atoms in the characteristic oscillation of the 
Iflfe «ure adjusted by the interaction of the incident X-rays in suoh a way 

/oh. 
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that momentarily all the members of a 111 family of planes are turned till 
the glancing angle becomes dg which satisfies the Bragg relation; a part of the 
moident quantum is absorbed in exciting the characteristic vibration of the 
lattioe and the remaining part is reflected Thus in this reflection of a new 
type, the wave-length is slightly changed The change, however, is too small 
to be observed with X-ray spectrometers It has also been pointed out that 
this new theory differs from Bnlloum’s theory in this respeot that according 
to the latter theory of light scattering by elastic waves due to thermal agitation 
the waves are actually present in the medium and it is possible to pick up for 
any direction of incidence a Fourier component of the elastic waves having 
wave-length satisfying the Bragg relation for the mcident radiation, but the 
characteristic vibration of diamond responsible for the new X-ray diffraction 
has such a large frequency that such a vibration is not excited by thermal 
agitation and it is excited only when light waves or X-rays are incident on 
the crystal 

There are, however, a few fundamental difficulties about such a hypothesis 
regarding the ongm of the observed new reflections First, when a plane 
wavo is moident on the 111 planes as shown in fig 1, the disturbance reaches 
F' earlier than P, and if it is assumed that the difference of phase at the two 
points causes a rotation ol the planes, the direction of rotation should be such 
that the 111 plane AB should go to the position AC and the corresponding 111 
plane A'B' of the other interpenetrating lattioe should come to the position 
A'C' shown in the figure In such a picture it has been assumed that the 
vibration of the lattice of frequency 1332 cm -1 whioh is actually a linear vibra¬ 
tion of the two lattices against each other is excited by the moident X-rays 
earlier at P than at P' If now d ( is less than d B , the glancing angle for Bragg 
reflection of CuKa, the orientation AC may give the glanomg angle equal to 
dg and so the CuKa may be reflected with the modified frequency 6 { is 
ootually larger than dg for CuK/3 and so the orientation A'C' for the 111 
planes of the other lattice may produce the suitable glancing angle for Bragg 
reflection of CuKjS If such a picture be assumed to be oorreot, one has to 
further assume that the displacement of an atom at P is of the order of at 
least one-fifteenth of a millimetre, because the new reflection is observed to 
take plaoe from a surface of the crystal of dimensions more than a millimetre 
on each side and in a direction which corresponds to a rotation of the 111 
planes from the static position by about 4° It is difficult to believe that 
suoh a large displacement of the atom (of the order of 06 mm.) con actually 
take place in the oaoillation of the lattioe mentioned above. In fact, investiga¬ 
tions of the intensities of X-ray reflections from atomic planes in crystals show 
that the displacement of the atoms owing to thermal vibration is of the order 
of a small fraction of the radius of the atom So the displacements due to 
lattioe vibrations are expected to be lees than 1 x 10~ 8 cm But a displacement 
of the atoms postulated in the theory of the new X-ray diffraction of modified 
frequency is at least 10* times larger than this value. 
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We can also calculate the ratio of the moan velocity u of the atom to that 
of the X-rays from the picture of the new type of X-ray reflection given above 
The maximum displacement of the atom at P takes place m the time in which 
X-rays travel from Q to F If the length PA be taken to be equal to a milli¬ 
metre and the displacement of the atom at P perpendicular to the plane be 
assumed to be about *05 mm the ratio of the velocity u/c « 06 Such a high 
velocity of the atoms m the crystal seems to be highly improbable 

The above arguments hold good even if we assume that only a small 
volume of the lattice oscillates at a time and the observed reflection is a 
statistical effect of reflections from different portions of the lattice at different 
times For any appreciable mtensity of the sharp Bragg reflection, the 
smallest dimensions of the volume contributing to the reflection should be of 
the order of at least about 26 A,U (i.e , about 10 grating spaces) on each side 
and in that case the displacement of the atom corresponding to a rotation of 



708 


8 0 SIRKAB & J. GUPTA ON THE NEW DIFFRACTION 


4° is about 1*7 A.U, which again is too large to actually take place in the 
crystal 

Secondly, if the angular displacement of the 111 planes would take plaoe 
as postulated by Raman and Nilakantan owing to the interaction of the 
incident X-rays, the amplitude of displacement would have a oertain definite 
value, and the intensity of reflection by these oscillatory planes would not 
depend on the magnitude of tho variation of the glancing angle from the 
Bragg angle for the reflection of the monochromatic radiation But actually, 
the intensity of tho new spots is found to dimmish rapidly with increase m the 
variation mentioned above 

Thirdly, if the new spots are due to Bragg reflection from the dynamic 
stratifications as suggested by Raman and Nilakantan, it is difficult to under¬ 
stand why the Bragg relation does not hold accurately when the spacmgs of 
the 111 planes are taken for calculation In fact, assuming that the Bragg 
relation holds good for the mean position of the planes corresponding to the 
initial glanoing angle and the angle of scattering, the spaomgs have been 
calculated for different values of glancing angles and different values of the 
spaoings have been obtained The reason for this discrepancy is not explained 
m the theory put forward by Raman and Nilakantan 

It has already been mentioned, however, that the appearance of the 
new maxima in the X-ray diffraction pattern has been observed by various 
workers, and Zachariasen has recently put forward a theory to explain the 
phenomenon He has shown that the expression for the intensity of radiation 
scattered by a simple lattice containing one kmd of atoms as modified by 
thermal vibrations of the crystal contains two terms, the first one giving the 
Laue diffraction maxima, and the second one the diffuse scattering as given 
below.— 

J “ J l + Jt> 

where J 1 s*J 0 e~ iU as given by Debye, but J 2 differs from the second term 
in Debye’s expression, and has a maximum m a particular direction 


•Wo 



1 + 008 * 20 2n{NV)iQ(r 0 ) 

2 


..( 1 ) 


where v is the mean velocity of propagation of the elastic waves, 0 is Hie 
glanoing angle of scattering, V is the volume of the unit oell, 


Qi 


.*V W -1 
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and v } m> tvj, Tj ■» vjjvj ; 

r 0 is the propagation veotor given by the relation 


K — Kq + to m Hi f Z7g + If) 6|, 
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where Kq and K are vectors in the directions of tho incident and diffracted 
rays respectively such that K 0 = K « i, b lt K h are vectors representing 

the inverses of the edges of the cell, and H u H 2 , H a are integers J t 
changes rapidly with the scattering angle and has mn-rimnm value when to 
assumes minimum values. The direction of maximum intensity lies in the 
plane of mcidenoe but the glanoing angle of scattering is in general not equal 
to the glanoing angle of incidence When 0 { -d B *= A, where 9 { is the actual 
glanoing angle and 0 B is that for Bragg reflection, 6 m corresponding to the 
maximum in diffuse scattering is given by 

2 0 m ~ 26 b +2& sin 8 d B (2) 

This expression shows that B m is larger than 0 B if A is positive and 
vtce versa This has been verified by Siegel and Zaohanasen in the case of 
scattering of CuKa radiation by rock salt, and there is quantitative agreement 
between the observed values of $ m and that calculated according to (2) The 
values of 0 m observed in the case of diamond by Raman and Nilakantan as 
shown in Table I, reproduced from their paper, agree almost quantitatively 


Tabus I. 

Mamma in diffuse scattering of Cu radiation from 111 planes of diamond. 


Glancing angle J 

2 Oh 

8i—0h=A 

20 m 

20u+2d «m* On 

In eiden oe 0i 

Reflection <f> 

17° 11' 

24° 33' (Kac) 

43° 58' 

-(4° 47') 

41° 44' 

42° 30' 

18° 41' 

23° 60' .. 

M 

-(3° 17') 

42° 31' 

43° r 

20° 49' 

22° 43' „ 


-(1° 9') 

43° 32' 

43° 37' 

21° 4' 

19° 0' (Kfi) 

39° 30' 

+(1° 19') 

40° 10' 

i 

40“ 68' 


with those calculated according to (2), also there is qualitative agreement 
in this respect that d m >6 B when A is positive and vtce versa Again, according 
to Zaohariasen’s theory the intensity of the maxima in diffuse scattering 
diminishes rapidly with increase in the value of A and increases with the 
increase in the temperature of the crystal These effects have actually been 
observed in the case of diamond by Raman and Nilakantan. 

Thus it is evident that the theory given by Zachariasen can explain 
the nature of the new diffraction maxima more satisfactorily than that put 
forward by Raman and Nilakantan The fundamental difference between the 
two theories is that the diffuse scattering is due to Debye heat waves which are 
present in the crystal owing to thermal agitation, while according to the latter 
theory the lattioe vibration responsible for the new reflection is excited by the 
*X*nty s, and does not exist at ordinary temperatures. The increase in the 
intensity of the new diffraction maxima with increase of temperature of diamond 
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observed by the said authors probably supports Zaohariaaen’s theory and 
oontradiota the theory put forward by them. 

As regards the explanation of the oblique streamers which, as mentioned 
by Raman and Nilakantan, radiate towards or away from the two Laue spots 
due to 111 spaoings, those authors assume that the streamers arise from 
the interaction of the vibration of the other two Bets of 111 planes on that 
of one set of these planes, and that they are originated by the modified mono¬ 
chromatic radiation The present authors obtained some Laue photographs 
of diamond, two of whioh are reproduced m figs 2 and 3 X-rays were 
nearly normal to the cleavage plane, i e almost parallel to the threefold 
axis of symmetry. The photograph shown in fig 2 was obtained with X-rays 



Fig 2 Fig. 3 

Laue photographs of diamond. 

Fig 2, due to white radiation from W target 
Fig 3.radiation from Cu „ 

The spots marked with arrows in fig 3 are due to new diffraction max ima 

from a Coolidge tube having tungsten anticathode and operated at 40 K.V. 
The other photograph was obtained for exactly the same orientation of the 
crystal but with radiation from a copper antioathode of a Saddling tube operated 
at about 30 K V The new diffraction martma due to CuK/J lie dose to the 
Laue spots due to 111 planes produced by the white radiation and are quite 
intense but those due to CuKa we the weaker, the further away they are fed m 
the Iau« spots.^ These photographs show the reflections from -the planes of 
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the three zones 1H, hll, and hkl, the three 111 reflections being situated at 
the intersections of the three loops representing the three zones mentioned 
above. It will be seen by comparing these photographs with those reproduced 
by Raman and Nilakantan that the directions of the streamers are along the 
loops starting from the Laue spots due to 111 planes It is, therefore, evident 
that the planes of reflections producing these streamers are also the planes of 
mcidences on some planes of the crystal which might be imagined to belong to 
these zones but whose indices are very complicated For a simple lattice the 
presence of such planes could not be imagined but as diamond consists of two 
interpenetrating lattices and the 111 planes of the two lattices are very close 
to each other, bemg separated from each other by one-fourth the spacing 
of these planes, some planes slightly inclined to tho 111 planes may have some 
appreciable reflecting power If suitable wave-lengths are used to get the 
new diffraction maxima from 100 planes, these streamers are expected to 
disappear 

Also the streamers extend up to such large angles from tho directions 
of the static positions of the 111 planes that it ih highly improbable that the 
influence of angular oscillations will extend up to such a large angle 

The arguments set forth above show that tho new X-ray diffraction 
maxima observed in the case of diamond cannot be explained satisfactorily by 
the theory put forward by Raman and Nilakantan and on the other hand 
some of the observed facts definitely contradict the hypothesis put forward 
by them The results obtained by them in the case of diamond seem to support 
the theory of diffuse scattering due to thermal vibration put forward by 
Zaohariasen. The crystals of sodium nitrate contain a large number of inter¬ 
penetrating lattioes and so the interpretation of the results is difficult and is 
not attempted here. 

The authors are indebted to Prof M N Saha, F R S , for his kind interest 
in the work. 


Summary 

The qualitative theory put forward by Raman and Nilakantan regarding 
the new diffraction maxima observed m the Laue photographs of diamond has 
been examined and it has been shown that there are some difficulties in the 
assumptions made by the said authors It has been pointed out that the 
observed facts contradict the theory put forward by them while the theory of 
diffuse scattering due to thermal vibrations of the lattices put forward pre¬ 
viously by Zaohariasen can explain satisfactorily all the facts observed by 
Raman and Nilakantan in the case of diamond The angles made by the 
directions of maxima in the diffuse scattering with the 111 planes for different 
angles of incidence agree closely with those calculated from Zaohanasen’s 
* theory. The streamers radiating from the positions of the Laue spots due to 
' 111 planes of diamond observed by Raman and Nilakantan are shown to be 
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due to reflections in the planes of inoidenoe of oertain complicated planes in 
the zones lid, Ali and hkl. 
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DETERMINATION OF THE LIFE OF THE MESOTRON. 


By N N Das Gupta, if Sc ( Cal ), Ph D (Lond) and PC Bhattaohabya, 
if Sc (Cal.), Untverstiy College of Science, Calcutta. 

(Communicated by Prof. M N Saha, F R S ) 

(Read August 20,1940 ) 

IWTBODUOnOW. 

In an attempt to explain the short-range nuclear foroee and the anomalous 
magnetio moments of the neutron and the proton, Yukawa (1035) postulated 
the existence of heavy particles of mass intermediate between those of electrons 
and protons. These particles are supposed to be radioactive, so that after a 
very short time r, they decay into ordinary electrons and neutrinos. In this 
respect these heavy electrons or the mesotrons, as they are now called, are 
quite unique, because while all other fundamental particles are stable they 
have an extremely short life. It was pointed out by Bhahha (1038a) that 
from the considerations of relativity, the time of disintegration of a mesotron 
will be longer when the particle is in motion. The life of a particle of total 
energy B and rest mass p is given by 

T-T 0 E/p* .. (1) 

where r 0 is the life of a partiole at rest. 

There are still serious difficulties associated with the heavy electron 
theory of nuclear foroee, however, the actual proof of the existence of such 
particles in Nature is furnished by numerous oosmio ray experiments. It 
now seems certain that the penetrating part of the oosmio raidation at sea level 
consists of particles lighter than protons but heavier than electrons Although 
it is not yet dear whether the mass of all these partioles is the same or it vanes 
continuously or even makes quantum jumps as postulated by Bhabha (10385) 
and Neddermeyer (1088), it will be interesting to see how far oosmio partioles 
agree in their properties with the nuclear partioles postulated by Yukawa. 
As a first step towards establishing this identity it is neoesaary to verify whether 
the mesotrons found in oosmio rays are themselves radioactive as demanded 
by Yukawa’s theory. 

Until recently the cloud chamber evidence was rather against the existenoe 
of a radioactive decay of mesotrons. Thus Maier-Leibnitz (1030), Neddermeyer 
and Anderson (1038) and Nishina, Takeuohi and Iohimiya (1030) observed 
altogether 7 mesotron tracks where the mesotron appeared to oome to rest 
within the chamber, but no tfaoe of the disintegration electron into which 
it is supposed to decay was visible. Montgomery, Ramsay, Cowie and 
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Montgomery (1939) attempted to find evidentoe of disintegration of mesotrons 
by oounting ooinoidenoee between the mesotrons which are stopped by a lead 
plate and the decay electrons whioh emerge out of the lower surface of the plate. 
The results were entirely negative 

Very recently in the photographs taken m a randomly operated large 
oloud chamber, Williams and Roberts (1940) have found dear evidence for 
the disintegration of mesotrons They have recorded photographically two 
cases m which mesotrons oome to rest within the chamber, and then give nse 
to high-energy electrons A similar oase was reported somewhat earlier by 
Maier-Leibmtz (1938) although the track of the disintegration electron m this 
oase was not so clear 

On aocount of the ranty of the phenomenon such direct evidenoe of the 
disintegration of individual mesotrons are very few There are, however, 
various indirect evidences Follett and Crawshaw (1936), Ehmert (1937) 
and Auger, Ehronfest, Freon and Fournier (1937) found that for the same mass 
of the absorber, mesotrons seemed to be absorbed more in rarefied substances 
than in dense materials. According to Euler and Heisenberg (1938) these 
anomalies can be explained to be due to the instability of the mesotrons pre¬ 
dicted by Yukawa In order to penetrate the same mass, mesotrons have to 
traverse longer distances m rarefied gases like air than in condensed substanoes 
like water or lead. In dense materials the range as defined by the energy loss 
by ionisation may be less than the free path of mesotrons (L = cr), so that 
no mesotron is lost duo to decay In gases, on the other hand, the range is of 
the same order as the mean free path L. Some of the mesotrons therefore 
decay on their way and there is an increased apparent absorption It should 
be mentioned here that according to Fermi (1940), a part of the mass absorption 
anomalies may be explained to be due to the effect of density of a material 
on ionisation loss of a fast particle. According to this idea for a very fast 
mesotron (E>10 9 ev), with equal masses of the absorbing material, the 
energy loss in rarefied substances is greater than that in a condensed material 
This difference increases with the kinetic energy of the particle. However, such 
an effect is inadequate to exp lam the total mass absorption anomaly actually 
observed and one has to fall baok upon the disintegration hypothesis 

Blackett (1938a) showed that it is possible to estimate the life of the meso¬ 
tron based on the differential absorption of the penetrating component in rarefied 
and oondensed materials as well as from altitude and seasonal variation of 
oosmio ray intensities. The different methods of determination of the life of 
the mesotron based on these ideas have been summarised by Rossi (1939). 
He further showed that the shape of the energy spectrum of the mesotrons at 
sea level is influenced by the disintegration of the mesotrons. A comparison 
of the shape of the observed sea level spectrum with the theoretical one seems 
to justify the disintegration hypothesis. In the following table a summary 
is given of the work carried out so far, together with the methods used and 
the results of determination of r 0 . 
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Table I 


A Summary oj the Previous Work on Determination oj r 0 


Observer 

Date 

Method used 

r 0 msecs. 

Blackett 

1938(a) 

Inclination Anomaly and Mass Ab¬ 
sorption Anomaly in Water and 
Lead. 

Temperature Effeot 

1 7x10-* 

Beruardtm, Ferretti 

1938(6) 

3 4x10-* 

1940 

Altitude Effect at 3 4 Km and 0 5 

5 Ox I0~ # 

et al 

Clay, Gemert and 

1 

Km 

Inclination Anomaly 

4-OxlO- 8 

1939 

Variation of Ionisation at Different 

2 0X10-* 

Clay 


Depths of Water 


Euler and Heisenberg 

1938 

Ratio of Intensities under thick 

2 7xl0-« 



Layers of Air and Water 


Johnson and 

1939 

Mass Absorption Anomaly m Water 

2 6X10-* 

Pomorantz 


and Air 


Nielsen, Morgan et al 

1940 

Altitude Effeot and Attenuation 

I2X10-* 


Factor 


Pomerantz 

1940 

Zenith Angle Effect at Sea Level, 
Integral Method. 

3 4X10-* 

,, 


Zornth Angle Effect, Differential 

2 0X1O- 8 



Method 

Ratio of Disintegration Electrons to 

6 Ox 10— 8 



Mesotrons 


Rossi, HUberg and 
Hoag 

1940 

Mass Absorption Anomaly in Air 

2 Ox 10- 8 


and Carbon 


Rossi 

1938 

Mass Absorption Anomaly in Water 

2 0X10- 8 



and Lead. 



On account of the great importance attached to the radioactive decay 
of mesotrons as well as of the large variation in the values of r 0 obtained by 
different workers, it was decided to oarry out some independent measurements 
m tropical latitudes 

The present paper describes measurements of the vertical and inclined 
intensities at Calcutta (approximately at sea level and magnetio latitude 12°N) 
and at Darjeeling (height above sea level 2*2 Km., magnetio latitude 16°N.). 
We have also estimated the proportion of the disintegration electrons to the 
mesotrons at the two stations From these measurements, r„ the life of the 
mesotron at rest has been determined by three independent methods, viz.: 
(a) altitude effeot, (6) zenith angle effect, and (c) ratio of disintegration electrons 
to mesotrons 


Apparatus and Experimental Procedure. 

In the series of experiments described below we have oo anted ooincidences 
between four Geiger Mflller counters in the same vertical plane with their 
axes pointing magnetio east>west. The two lower counters wore shielded 
by 10 cm*. Pb on all sides to out off the soft component . In order to measure 
the absorption in lead additional slabs of any required thickness oould be 
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plaoed between the lower oounten and the upper. The correction due to 
accidental coincidences and showers was determined by displacing the seoond 
and the third counters from the common axis as shown in figs 1 and 2 With 
this arrangement no single particle could excite all counters simultaneously 
This correction varied from about 2 coincidences per hour with no interposed 
lead to 0*6 coincidence per hour with an interposed lead shield of 10 cms 


'O 

'OO 









LEAD 

LEAD 

OO 

o 

lead 


FAS / 


This was mainly due to showers as the accidental coincidence rate was negligible, 
the resolving time of the circuit being only 1*2 x 10~* sec. In order to measure 
the inclined intensities, the oounter telescope was tilted at 40° to the zenith 
towards the north. 

Hie principle of these experiments is to compare oosmio my intensities 
under the same mass of the absorber traversed in two different directions, so 
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that the actual lengths of paths are different. Since the mass is the same, 
the ionisation loss will be the same for the two cases and any additional 
absorption which is observed along the longer track can only be due to decay 



FIG 2 


If l be the excess path traversed by mesotrons in one case over the other, 
and N and N 0 be the intensities observed in the two oases, then the mean free 
path is given by the equation 



For the determination of L we have need two different methods. 
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(a) Determination of L from Altitude Effect, * e. from the Variation 
of the Vertical Intensity with Height 

We have compared the vertical intensity of the mesotrons at Calcutta 
(elevation 200 ft , geomagnetic latitude 12°N ) with the vertical intensity at 
Darjeeling (elevation 2*2 Km , geomagnetic latitude 16° 30*N) The effect of 
the small difference in geomagnetic latitude may be neglected as the maximum 
latitude effect at Bea level, due to a change of latitude from 40°N to 0°, is 
not more than 10 per cent according to Compton (1937) and Thomson (1938) 
In the measurement of the vertical intensity at Darjeeling we have used an 
additional lead screen equivalent in stopping power to tho layer of air between 
Calcutta and Darjeeling The mass of this layer is given directly by the dif¬ 
ference in atmospherio pressure between Caloutta and Darjeeling, ie 1028— 
784 or 244 gms /cm * which is equivalent in stopping power to about 34 oms 
of Pb In this calculation the stopping power of air is assumed to be 1*68 
times that of Pb, as given by Bethe, Bloch, Bhabha formula (19386) for 
ionisation loss. 10 oms of Pb are always used between the counter system as 
shown m fig (1) to filter out the soft component Honoe the vertical intensity 
under 10 oms Pb at Calcutta is compared with that at Darjeeling under 44 ems 
The total mass traversed by the rays is then the same in both cases, but the 
actual paths differ in length In this case tho exoess path l traversed by the 
vertical rays at Caloutta is clearly the difference m height above sea level 
between Caloutta and Darjeeling, that is, 2*2 x 10 s cm With l = 2 2 X10 6 cm 
and the measured values of N and N a ie the intensities at Caloutta 
and Darjeeling, the mean free path L may be calculated by means of 
equation (2). 


(6) Determination of L from Zenith Angle Effect, t e from the Vertical 
and Inclined Intensities at the Same Station 

For the determination of L in a different way we compared the intensity 
of the inclined rays ($ mm 40°) at Darjeeling with the vertical rays at the same 
station with an additional layer of Pb between counter system to compensate 
for the exoess mass along the inclined direction. Since the mass traversed 
by the vertical rays at Darjeeling is about 784 gms /cm * the rays inolined 
at angle 40° to the zenith have to penetrate an exoess mass of 784 (seo 40°—1), 
Le. about 244 gms fom 8 of air over the vertical rays This exoess mass is 
compensated if the vertical intensity of mesotrons is measured under an 
extra lead absorber 34 oms thick The vertical path through the air and 
the lead absorber and the inolined path through the air then differ only in actual 
length but not in stopping power The ratio of the two intensities therefore 
indicates the mean free path of the mesotrons in air as in the previous case. 
Hence the vertical intensity of mesotrons at DarjeeHhg under 44 oms, of Pb 
was compared with the intensity under 10 oms. at an angle of inclination 40° 
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to the zenith. The excess path l traversed by the inolined rays in this case 
is given by 

l (Z' m - ZO seo 0 - (Z. - Zj) =t 7-7 Km .. .. (3) 

where Z\ is the height of Darjeeling above sea level, and Z' m the height of 
formation of mesotrons incident at an inclination 40° to the zenith. 

It is generally assumed that mesotrons are formed in the atmosphere 
when the mass traversed by the primary rays is about one-tenth of the total 
mass of the atmosphere The validity of this hypothesis has been proved by 
the recent baloon expenmants mentioned later in detail On this assumption 
the height of formation (Z m ) of the vertically coming rays is about 18 4 Km 
and that for the rays inclined at an angle of 40° to the zenith (Z' m ) is 20 5 Km 
Substituting the values of Z m , Z' m and sec# m equation (3) the excess 
path l in the case of the inclined rays is found to be about 7 7 Km As before 
with this value of l and the measured values of the vertical and the inclined 
intensities, the mean free path for decay may be calculated from equation (2). 

Results 

The results of determination of the mesotron intensity under the conditions 
mentioned above are given in the following tablo For each case the number 
of showers reoorded per hour was determined by the method of displacement 
of oounters as indicated m figures 1 and 2 The shower rate thus obtained 
was subtracted from the total number of mesotrons reoorded per hour The 
corrected mesotron intensity is given m oolumn V, Table II 


Tablk n 

Results of Measurement* 


Observation 

Station 

Angle to the 
zenith 

Amount of 
lead between 
oounters 

Number of meso¬ 
trons recorded 
per hour, after 
deducting the 
correction due 
to showers 

1 

Calcutta 

0° 

lOcms 

16*01 *48 

2 

Darjeeling 

0° 

44 ems 

20 0±*50 

3 

Darjeeling 

40°N 

10 oxna 

14 8 ±*57 


From the results given in Table II it is evident that the vertical mesotron 
intensity measured under the same mass of the absorber decreases from about 
20 to 18 per hour due to a change of height above the sea level by 2*2 Km. 
Similarly, a tilt of the oounter telescope by 40 degrees from the zenith at 
Darjeeling reduoes the intensity of the penetrating component from 20 to 
14*8, although the excess mass traversed in each case is compensated by 
ad d i tiona l absorbers. In both the oases the decrease is much greater than 
the limits of statistical errors. With the assumption that the reduction of 
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intensities is due to decay of mesotrons along the longer traoks, the mean 
free paths of these particles have been calculated with the help of equation (2) 
and are indicated in the third column of Table III. 

The mean free path is related to the rest life of a mesotron by means of 
the equation, 

or T °"ir .< 4) 

where E is the total energy of the mesotrons considered. 

The mesotrons reoorded in our measurements are those having energies 
greater than a certain minimum required to penetrate the ten oms lead screen 
which is always present. Assuming p = 160m, i e = 8 x 10 7 e v it follows 
from the consideration of ionisation loss of mesotrons in lead E m i n *= 2 X10® e v 
In calculating the average energy of the mesotron spectrum at sea level we 
have, therefore, to consider a lower limit of 2 x 10 8 e v. 

No measurement of complete energy spectrum at our latitude is available 
We have assumed an average energy of 1*3 x 10® e v which is deducible from 
the measurements of Blaokett (1037) and Wilson (1030) On aooount of the 
uncertainty in the actual values of the mass and the average energy of the 
mesotron beam it is probable that uncertainty in t 0 is greater than that in L. 
However, any changes found later in the exact values of these two quantities 
will produoe a corresponding change in the value of r 0 which can be easily 
allowed for. 

For the determination of r 0 from the measurement of the vertical intensity 
at Calcutta and Darjeeling we require the average energy of the mesotrons 
at Darjeeling This may be obtained by adding to the energy at the sea level 
the amount spent in ioniBation in traversing the column of air between Calcutta 
and Darjeeling 

Thus E a - (1-3+2X10- 8 X244) 10® = l-8xl0®ev 

For the seoond case we require not the energy in the place where the 
partioles are actually observed but the average along their tracks This may 
be obtained from the formula given by Rossi (1939) and we derive the following 
average energy for the seoond case. 

Eb ™ 2-7 x 10® e.v. 

The values of S are given in Table III together with those of L 
r 0 calculated for each value of L is indicated in the last column of Table III 

Tabu m. 

Calculation qfr t . 

Method Data need iinKm. I $ in 10* e.v. r, in 10-« eeos. 


Altitude Effect 

Zenith Angle Effect - 


lands 


9-86 i 8-4 
85-7 ±8-8 


J-8 

*7 


1-48*.61 
f-57±.88 




DETERMINATION OF THE LIFE OF THE MESOTRON 


721 


It will be found from the table that the values of r 0 obtained by the two 
different methods are in agreement with each other within rather large 
statistical errors The mean value of r 0 is about 2 x 10“ 8 secs 

In the next section are described the results of determination of r 0 by 
an entirely different method, i.e from the ratio of disintegration electrons to 
mesotrons at Calcutta and Darjeeling, It is very satisfactory that r 0 comes 
out again to be about 2 x 10 -8 secs. 


Determination of r 0 from the Ratio of Disintegration 
Electrons to Mesotrons 


Euler and Heisenberg (1938) deduoed the following relation for the 
proportion of the disintegration electrons to mesotrons 


9X 0 n< ? ,ic* 
8 r 0 cE e + 2aA 


• (5) 


where X 0 the characteristic unit for air = 276 m, E e is the critical energy 
for air 1*6 x 10 8 e v., A the depth below the top of the atmosphere in gm /cm *, 
a the energy loss by mesotrons per gm of air (about 2 x 10 s e.v) Substituting 
the values of the quantities mvolved 




6 60X10-’ 
(A—20/A) * 


(6a) 


In the present experiment r 0 was obtained by determining the ratio ( k) of 
the disintegration electrons to mesotrons at Darjeeling and Calcutta The 
values of r 0 thus obtained agree within the limits of experimental errors 
with the previous determinations This serves as a oheok on the correctness of 
the determination of r 0 by the former methods 

For the determination of k we measured the complete absorption curve 
of oosmio rayB in lead, both at Darjeeling and at Calcutta The results whioh 
are given in Table IV are shown plotted graphically in fig. 3. 


Table IV 

Ab*orptwn in Load of Aio Vortical Cosmio Ray Intensity at Calcutta and DarjesUng. 


Thickness of 
intenxwed 
lead absorber 

0 cm. 

2 cma. 

6 oms. 

10 cms. 

20 oms. 

30 oms. 

44 oms. 

Intensity at 
Darjeeling 

89*-75 

84*2 ± *95 

25 8**80 

23*4* *50 

22*6* *55 

20*6* *50 

20*0* *50 

Intensity at 
Calcutta .. 

21*6* *95 

21*0 **80 

17-3 ±*80 

16*0**48 

14-9**90 

16*4* *70 
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From fig. 3 it is evident that the total intensity of cosmic rays in¬ 
creases by a faotor 1*82 due to a change of height of 2*2 Km from Calcutta 
to Darjeeling Also the proportion of the soft component to the hard increases 
from 33-4 per cent to 74 per cent between these two stations 

The soft component at any place consists of the disintegration electrons (D), 
knock-on shower electrons (K) and the oascade electrons due to primaries (P) 
Hence if we denote the total soft component by E, 

E a* D+K+P .(0) 

In order to determine the fraction of the intensity due to the decay elec¬ 
trons alone (D) we must subtract from the total intensity (E) the effects 
due to the cascade multiplication and knock-on showers (P+K) 

From the calculations of Bhabha (19386) the number of knock-on 
secondaries that accompany mesotrons of energy 10 10 e v is about 7 per cent of 
the number of mesotrons If the average mesotron energy is 10® e.v the 
proportion reduces to 5 per oent 

The number of electrons expected at Calcutta and Darjeeling due to the 
oasoade multiplication of the primaries can be calculated m the following 
way In the characteristic units of the radiation theory the distance of 
Calcutta from the top of the atmosphere is given by l » 29, and for Darjeeling 
I » 23, We have next to fix the other parameter, vis. the logarithmic ratio 
of the energies of the primary and the oasoade electrons Due to the presence 
of the earth’s magnetio field only those electrons may be incident on the surfaoe 
of the atmosphere which have energies exceeding a oertain minimum given by 
Ef mm 1-9 X10 10 cos 4 ^ e.v .. .. (7) 

where ^ is the magnetio latitude of the plaoe. For Caloutta where the magnetio 
latitude is about 42°^. the minimum energy of the incident electrons is about 
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1*7 XlO 10 e.y. Only particles with energy greater than 1*7 xlO 10 ev, oan 
be incident on the top of the atmosphere at Calcutta. Presumably a bulk 
of these will have energies just above this minimum limit If we make the 
assumption that all the moident particles have energies approximately equal 
to 1 7 X10 10 e v , then sinoe the ontioal energy for air is 1*5 x 10 8 e v , 

y - log (E'/E e ) * 5 (8) 

Bowen, Millikan and Neher (1938) found that the total vertioal energy 
flux at our latitude is 10® e v per cm 2 per sec This is the total energy oarried 
by the oosmio particles per square om per sec directly overhead at Calcutta 
Assuming that all the oosmio particles moident on the surface of our atmosphere 
have energies equal to the magnetic limit 1 7 X 10 10 e v we calculate the 
number of particles incident per sec per sq om to be about 0 068 Since 
some of the oosmio particles will have energies greater than this minimum 
value, the above estimate gives the upper limit of the number of partioles 
moident per seo Johnson (1938) estimates that a more probable number is 
0*032 This represents the number of primary partioles moident per om * 
per seo The problem now is to find out how they will multiply m the successive 
layers of the atmosphere and m particular what intensities are to be expected 
at Caloutta and Darjeeling 

If F ( E'O) be the spectrum of the primary particles whose energies exceed 
E' and z (l, y) the number of the oascade electrons produced by one primary 
particle at a depth l and defined by the logarithmic ratio of the energies y, 
then the intensities of the soft electrons to be expected at Calcutta and 
Darjeeling after multiplication in the layer of air above these two stations 
is given by 

«» 

F(E, I) - j ^ ■ <»> 

An exact solution of this equation is difficult and moreover the distribution 
of the primary electrons is not known with any accuracy But we oan make a 
simplified oaloulation on the previous assumption that the energy of all the 
primary partioles is the same Then from the theories of Bhabha and Heitler 
(1937), since 

for (-29, ymt. *((, y) — 7 5 10 -4 ) 
for 1 ■» 23, y m >5, z(l, y) =• 0 03 ) 

the calculated number of the oascade electrons above an energy of 1*6 x 10 8 e v 
expected at Caloutta and Darjeeling are 0 088 and 3 4 per hour Taking into 
aooount Arley’s correction (1938) for the number of slow electrons and the 
limited solid angle of the apparatus, the number of soft electrons expected to 
be reoorded with our apparatus are about 7 and 0 2 per hour 

It is possible to estimate from the above results the number of ordinary 
electrons due to decay of mesotrons The results of these calculations 
are contained in the following table. The number of mesotrons incident 
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per hour (10 and the total intensity (E) of the soft oomponent at the two 
stations are given in oolumns II and III respectively. The estimated values 
of the number of knock-on electrons (K) and the primary cascade (P), obtained 
as mentioned before, are given in the next two columns The number of 
disintegration electrons (D) has been obtained by subtracting (JT+P) from (E). 
The two ratios of the disintegration electrons to mesotrons have been given 
in oolumn VII, and the corresponding values of r 0 in the last oolumn 


Tabus V. 


Station 

Number 

of 

mesotrons 
per hr. 

M 

Number 

of 

electrons 
per hour 
E 

Knock-on 
electrons 
per hour 
k= OfiAf 

Cascade 
electrons 
due to 
primaries 
P 

Disin¬ 
tegration 
electrons 
per hour 
D 

Ratio of 
disinte¬ 
gration 
electron to 
mesotrons 
k — DjM 

r 0 mlO-* 

secs 

Darjeeling 

23 fit 87 

16 0t 64 

1 16 

700 

7 85± 64 

33t*06 

1 8f3 

Calcutta 

16 fit 48 

60fl7 

82 

•20 

4 08i 17 

•S0i 02 

2 0f2 


Discussion 

In deriving the life of the mesotrons we had to make the following 
assumptions It was assumed that mesotrons are the secondaries produoed 
by the primary oosmio particles at a height above the sea level where the 
mass traversed by the primaries is about ^ of the total mass of the atmosphere. 
This assumption, which was originally made by Euler and Heisenberg, is based 
on the observation of Millikan, Neher and Bowen (1937) that at a depth of 
about 1 metre of water below the top of the atmosphere, the primaries are 
absorbed more than could be accounted for by the cascade theory It appears 
that at this height the primaries are absorbed by some other mechanism 
besides the formation of oasoade showers. This additional loss of energy is 
believed to be due to the formation of mesotrons Although the exaot pro¬ 
cesses whioh lead to the creation of mesotrons are not yet clear, the recent baloon 
experiments of Sohien, Jesse, and Wollan (1940) and Dymond (1940) seem to 
confirm these ideas in a striking manner The variation of the mesotron 
intensity with height above the sea level indicates that the mesotron intensity 
reaohes a maximum value at a pressure of 8 om Hg, after whioh the intensity 
decreases again with height. 

The determination of r 0 from the altitude effect is independent of any 
assumption regarding the height of formation of mesotrons and also of the 
assumption of the isotropy of the radiation. It is possibly more oorrect than 
the other determination. The agreement between the Results obtained by the 
three methods iiutherefore very satisfactory. 
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The seopnd serious assumption in the determination of r 0 is that the 
mass of the mesotrons is oonstant and is about 160 eleotron masses. The 
present experimental evidence on this point indicates that the mass lies between 
wide limits, 100-260 electron masses While it is not impossible that the 
mass varies according to quantum laws, the experimental errors m the various 
determinations of mass are so great that they do not exdude the possibility 
of mesotrons having a fixed mass We have provisionally assumed a fixed 
mass of 160 m A similar assumption has been made regarding the average 
energy of the mesotron spectrum at Calcutta which is also not known very 
accurately. Any changes in the exact values of p and E that are found to 
be necessary in the light of future experiments will introduce a corresponding 
change in r 0 This can be easily allowed for 

We have negleoted the oorreotion mentioned by Fermi (1940) as this, if 
present, can account for only a small fraction of the total effect The results 
of the present experiment therefore give conclusive evidence about the 
disintegration of mesotrons 

It is with great pleasure the writers record their sincere thanks to 
Prof M N Saha, F R S , for providing facilities for this work at Darjeeling and 
at Caloutta and also for his contmued interest m this work The writers are 
also indebted to Mr K S Manian for making the oounters used in these 
experiments. We also wish to reoord our appreciation of the oonstant help 
rendered by Mr. B. P. Dutt, Lecturer in Physios, St. Paul’s School, Darjeeling. 

Summaby. 

The radioactive decay of the mesotron is confirmed by a senes of 
measurements oamed out at Caloutta and at Darjeeling (2 2 Em 16°N., 
geomagnetio latitude). The vertical intensity of the mesotron at Calcutta has 
been compared with that at Darjeeling under additional lead blocks equivalent 
to the mass of air between the two stations. We have also compared the 
vertioal intensity at Darjeeling under 44 cms of lead with that at an inclined 
direction of 40° to the zenith. Under this condition the mass traversed by the 
vertioal and inclined rays is the same. From these as well as from the ratio 
of the soft to the hard component at the two stations, the life of the mesotron 
at rest is deduoed to be about 2*0 x 10” 6 sec. This is comparable with the 
results obtained previously by different observers. 
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Fourteenth Ordinary General Meeting. 

The Fourteenth Ordinary General Meeting of the National Institute of 
Sciences of India was held at 11 a. m on Tuesday, the 20th August, 1940, in 
the hall of the Royal Asiatic Society of Bengal, 1 Park Street, Calcutta 
The following Fellows were present — 

Bt -Ool. R N Chopra, President, (m the Chair) 

Prof J N Mukherjee, Additional Vice-President 

Dr B Praehad, Additional Vice-President 

Dr B S. Guha, Honorary Treasurer 

Prof S R Bose 

Dr H Chaudhuri 

Capt S 0 A Datta 

Rai Bahadur Dr 8 L Hora 

Prof P K Kichlu 

Dr R B. Lai 

Prof P. Neogi. 

Major 0 L Pasnoha 
Prof M N Saha 
Prof N R Sen 
Dr A. C Ukil. 

Prof S P Agharkar, Honorary Secretary 
Besides the FellowB there were also some visitors present 
1 The minutes of the Thirteenth Ordinary General Meeting, held on 
the 11th and 12th March, 1940, were read and confirmed. 

2. The following Fellow signed the duplicate obligation and was admitted 
as a Fellow under Rule 13- 

Major C L. Pasnoha 

3 The following papers were taken as read owing to the absence of 
the authors*— 

(1) Structure and development of the ovule and embryo-sac of 

Ltuumphon enocephahis Dene. By S B. Kausik. (Com- 
mumoated by Dr A C. Joshi) 

(2) Measurement of coefficient of reflection and phase for sound waves 

By Miss Chandra Santa (Communicated by Dr. R. N. Ghosh ) 

(3) The nitration and halogenation of 8, methoxy- and 8, hydroxy- 

ooumarms. By B. B. Dey and Miss V. Ammalu Kutti. 

(4) A contribution to the embryology of the Amarantaoeae By 

L B. Kajale. (Communicated by Dr A, C. Joshi.) 

(6) Male and female gametophytea of Polmoniwn coervieutn Linn, 
with a discussion on the affinities of the family Pofemoniaoeae. 
By T. Sundar Rao. (Communicated by Dr. A. C. Joshi) * 
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(6) The determination of soil constants at broadcast and ultra-high 

frequencies By Imtiaz Ahmad Ansan, B D. Toshmwal and 
G B. Toshmwal (Commumcatod by Prof M N Saha.) 

(7) On null geodesies and null corpuscles in the theory of relatmty. 

By C G Pendse (Communicated by Prof S P Agharkar ) 

4 The following papers were read and discussed.— 

(1) New diffraction maxima m Laue photographs By S. C Sirkar 

and J Gupta (Communicated by Prof M N Saha ) 

(2) Determination of the life of the mesotron. By N N Das Gupta 

and P C Bhattaobarya (Communicated by Prof M N Saha ) 

(3) The nature of the colouring substances in coloured Polyporaceae 

By S B. Bose. 

Owing to an engagement the President left the meet mg while the papers 
were being read nominating Prof M N Saha to the chair for the remaining 
period of the meeting. 

The meeting terminated at about 12-30 p m with a vote of thanks to 
the chair 
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